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(5^ [ffl9g©«»3 5=3.TJHfy h#*Wfly"fiJxy-< yi^MONOS>l^6U«>fflje» 
(57) C^ltJl (IKE^) 

FicOM^llll-M-ftlS-Sl^bM (ONO) (^«JiM±t^ 
- hi5 J;t^t' •/ h^*$)SS:^*r-r >! t J: -5 





i a lOfeSg 1 <0;KU i^U 3 :^K*5 J:l/S9iBm 1 OS 
-ftM S: -r. >- ^-r ■& <! i: . 

mre V - F y- h i3 J: tXluiey- h y 3 ^^-fbiKSra 
d i 3 {CX'^-- tMR^tt«-r <r t , 

'?-<omtcBfife^"5rte^x'<.— If 5:5X0 1^< c: t . 

Ills'?- Kt>-*-h£01f-f K'7:!r->'U±tc. mm^-( K'^ 

xx/mmim)^-^mt:m-j7it:L-y^y^i.zj: <om^^ 
msSsm^-( F ^- -^i^x^-Hf y- F ^tT*>ii;^^x 

mBZ-oco-^^ FV-Fy-F^iO^ES2r3E«-r.i. ±-3 
=5rltlll^^&iim:'tJi23^<0^1S5r«at- * ^ i . 

mfimt^mfm ^ t-r ^ c: t . 
-?-<of*tiHufST7- Fy — Fioiiries 1 

i!S±liZm9t S fc f-^trM O N O S ^ y ■r^'^W xc?) 

im^m 2 ] t?iey- f u 3 ymimam 5-10 

n m<OJ» $ ^ & 1 . 

[i**JS3i tffamio*'y>'ya>'ii*<cvDtcj: 
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1 <og3t:5-&. 

[iS*«4l BiJIEIIl<0S'ftlS*«CVDtCj:')|«?5 0 
— 1 0 0 n m(^^^tZit^im^H.&i6^ 1 iOSJt:^- 

a. 

lav-Fy-FcO-^f^f F'>:t— ;P_h{c*<J5~l OnmO 
C If «3S 7 ] mtiM 1 O^M*^ miiev - F y- F 

[fsas^s ] 1 offiiSMs!)*. mrie'7- Fy- f 
i>zmm^tifc>'V^ym-i\:Mmx/-> y n >'^^t;Krfc 
[ m^m 9 ] Btriex^— ifjK*^ . /tf y >- y n 

7X (BPSG) **tt^;P— 7*rtOV^^*HcJ;oT 
ItJK^tl.. *53 0-5 0nm<?)JSS-r'i5Sif*)IliOi! 

I 1 0 3 MSI^^fig'SrX^— 9-2: K^-T S S 
ltnS^«t»KJifc. *«j3.. 6 — 5. 0 nm<0/f 

-CIS i<oi^ y 3 >'ie•^kM$^fiS;«$^^^i. c: fc , 

^rr s i^y a^s^kMSrita^s ^ t.. fc it/mnsi'y 

tfrt , ftriBm 1 <7>-> y 3 ^WHrn^m^t-r^ ^ i: S: $ ^ 

5 On mcom^ ^w-r si»5t<3i 1 co^m-^m. 
[^^31143 B«ie»2<054<y>'y 3>'M*^'«<)3o— 

5 OnmCOJ»:$$'*L. *!76 0— 1 OOnmOU^^* 

-ri.rJ'^^i/X^Vv'yif-^ FflS:*t»rS^: h$:$<^(C 

B5iess2«D;j?y >'y3>'iRfcj;y^^>'2?'xxi^i^ 
y-'f-f F«*^fcBtffiBSfl«i-9--< F»>:9— /i-x^-- 9-y- 

F ^m^-r^n-^ 1 os^^r^. 

[Ii«:«153 B(f^m2co^^*^ CVDtcj;-5-C 

tri*^«i<oSSj§:&&. 

1 6 3 fHEm 2 nUmmtiK CVDlzJ:',x 




[ it«JS 1 8 ] mssmmcmMifK i^v^ ^-K-fbKtj 

i!/*-^*'; y;«f (BPSG) S-^tf^/W-rcOV^ 

[11^201 H!fiEm30;K!;i^U=J>l^*?Jl 5 0 

S: § ^> t3-^OIS*3S 1 <^g[it:6-a. 
Ci«:di^ 2 2 1 ^#fflR<^iB±lci-*- h 'J a 

ItrlE^ 1 *r U y a d J: a l comim Srtfe 

0 i a icx'^.-tMMS-JtWr ^ i: , 

- htixr/msm^mu^x^-^izi: ^xmhtt^^y 
mv^}^-y'mm^mm.-t&fiMz. mmm^'^m^j:^^ 
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ms.^u^mi-tizmm-m.'itm-wtfmiowsm^ 

Hifie^- H y- ht3ximi^2 <r>y~ vi^^yn ymc 
m^\,z^ 2 <?).i^ y >- y =j ^K?r«w-r ^ ^ t . 

Vff)^1x^'1x<7)T^zl&^^tii>Xo\,z^ ftiie^2«0dry 

\i'-yY^^m^imm.-thtiihiz^ mmrn^-^ h''>* 
m^'ssim^mtm^mB(,z-i-i>z t . 

-rSCli:. i3j:tXMONOS^^yig^<7>mriSSjt^^ 

KiSS-J^BK-r-S J: 9 =irm 3 <^jKy U 3 , B>^« 
^tclt«t-.S> ^ t $r-^X-r'y7°Xf y v h«JtMO 
N O S ^: y v-V eOSia^ . 

[i**«2 3] friB^KOJKy v'y3>'js*<cvDte 

ii^^^lS 0-250 nm<^JgE$t;iiTtta$*t&if* 
)12 20Sjt:^ffi. 

Cii««2 4l |iriB^iom^bJg*«cvDtcio*«;5. 

0— 1 0 0 nmC?Dff$fc*T«l»$iX^it*S2 2<!Di! 

[ 2 5 3 Miem 1 luf a V- H y- 

V<0-9--< K-^ir-ZKioaffiSrlSSS-fkLTf^jS-l Onm 

c7)jp§ tcjg^^^iii i/- y 3 ySHi:^T*>sit*« 2 2 (?d 

[ 2 6 3 mia'?— K y- b Y^it -/U-± 
co^ 1 <r>iAmm^^ 5 ~ 1 0 n m<?5J5$ T-*> S»*JS 2 
2iOSSji:fr&. 

[is*«2 7 3 Buiax^^^fMjt)*. ^-y 2^ y rj r 

ijyx (BPSG) J-^tf:/;!^— 7°i*i£7)V^-fii*HcJ:-o 
Tli^^fl. 0—5 0 nmco;p$t-3^>-l.i»*JS2 2 

[if«3S2 8 3 HuieM^^«g^:x'<— ^^i^*-rss 

^^l£^£7)^t^S*j^1Sj;.y^>^Sr^tfi»:^Jl2 20 
2 0~5 0 nmcoai$ Srirr-SW*«2 2c0lgJt:^m. 




[ W:*]^ 3 2 ] i?if BgliO^|c7)^i!s^X^*<. li^ 9 0 0 
"C. f?j2 0 0-^3 0 Om I — yPffiO^RrtT'OM?' =5:^ 

*t;2~5 nm<;0ii:?^:t-r'2.IS2O>''j3>'^fb^. t6 
J:lX$!74— 8 nmiOi5$S-W^^m3<Ov'U3>'S?'fb^ 

Sr-t-tJlt^ 2 2 iOSBt:6r&. 

[ii^3S34] 1?iSSg2c?5rf?iJi^U3>-MA^*53 0~ 
5 0 n m<75JS$ S: fl-T •Slf** 2 2 COigJt:^^. 

CiS*i535] irriem2<^^fv>'y3>'j8i*J*?>3 o~ 

5 0 nmcOS^Sr^SrL. $*»6 0~1 00 nm<7)Jl$ 

-ft-;^. fliri5m3<7);K«j>'U3>'»ifej:tx^i'j^x7^>'i^ 

■r-2>lt^2 2coi^jt:^a, 

0 nm<7);j$t^^X-^fffl^Si^Jti^y=^>'S^-^bJKS:•t• 
tfif*3S22^o^3t:^^. 

mm 3 8 1 mmim-^ k =r -/ux^^?.— y-y- 

hztt:^(i> iz^tsmmm 2 2 (T^mtijm. 

[ mrn^ 3 9 ] itrieitiP:t3t:««*^ »j 3 ^^stfCMfc 

it^^j^'^sy (BPSG) $-^tf:?^/w-:rov> 

0^SBfe^iT.'5.it*«2 2<?)igJi*-S. 

^-^y~hi3imzumy-h^mm-^m^m2 2co 

[11*314 1] HfflBm3iO;KUi^U3>'|g*«*s»9 0— 
1 8 0 nmO^S 5'*-rSi9^2 20igJ&:^. 
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Cit*«4 2] mrie'7-H®^i^i;ir^ K-ft-rs^t 

(ft*«4 3] B!lfiE'7-H^^i^yi?->f F<t-r&ifc 

^ $ 'i. iz-^tsnm 2 2«i83t:6^. 

ffir^ 1 y V y =j v-isjis-so j: a tc^ 2 cosfldss- 
•7-Hy-h3&«. ^<Dmzm^im?>xo(,zmm,^iit 

iolfZ. KffSmi«o:Kyi^Unvjet5i:L^iEm2iOS 

-- s ^ t , 
ffirfe>7- H y- hco-y -f * — A-±tcs 1 com^i 

Huie'7- F y- h i i/mzy- f y 3 ^^H'TtBii&s 

^^iB^irX'^— y-j&^Mier?- f y-Y-cr>-^^ v^yf- 

H!^'7-Fir'-F±?rSVV H!^BI3ll?:?E«-r^m20 

miefl2cO;KU v-'J 3 >l^5:f5fem2tfOM-(l:JSoaST 

ttr^'^i ^ 2 <!Odcy y a >m: >- y -t^f F^k 
^-Oi^y-t^ F-fk^tL. -^c:* $ix«:ig2o;Kyi^ 
y 3 ym^fmy- f s:3^Ba-r& c t , 

m-^'y^f^Yit^tL. ^;ii^iii:im2<^AfV'^*Ja 

>m±izmimiim-thzb . 

-e-omt^Miev- \^y- h±.<omsm2<r)mimt:B& 

T^-ti-^^toH, HulBV-Fi>-'— FTT'gSE^fl.Sy- 
FlgS-Jg^-r&Jra^rmScO;^*^ i'-y 3yM5:, t?is» 
^l:«ia-r4 C t Sr-^tfMON O S;< ^ y rV W ::^<7) 

Hine^SSf4t»K-h(=:. *«)3. 6 — 5. OnmO/fSCi 
1 iOv' y 3 >^ffiiS:fi£«S -li-S ^ , 

:rr«.xy3ya^tJMS:*ta^r^<rh, fcii^Birie^'y 

3>'M-flill±fc. jf«74~8nmcOlf$^Wi-Sm2>)>' 
y 3 S c: i: %"^tfit*«4 4 <oS8t* 

fitc, mrsm 1 y 3 ^-gMiiies-s-ft-ri. c: t & $ 4> 




•'{ 



i O*-?! 5 0~2 5 0 nmC0JP$fc:iTttS5iX-SI9* 

[1**^4 8] HUieiglO^'fkM*fCVDt2j:'5l^5 
0-1 O0nme5J^$fctTita$tlSit:^4 4<i0SJ 

C it*JS 4 9 1 BtTiam 1 O^M*? . B!rlS'7 - H y- 

^4 4coa3&:?5^. 

[if 5 0] fine^^— Tuvi^vay. y 

i3=7 7. (BP SO) Sr-t-tfri^^yl'— TrtcOt^-r^X^HzJ;-:. 
Tffi^^tL, St;3 0~5 0nm«0Jf$T3b.Sil«3J4 4 

Bfiieil3i^>''Jn>'gHl:|g^SS'f|;-r-S^i:l=J:-5T, M 

& ^ 2: $ ^> fc-&tfi«^Jl 4 4 <?)$iji:^&. 

l^'lfcEeo-(tWSifettJt.y^>'^«-&trlt*iB4 4(?) 

Cif^5 3] 1ineig2«^:KU>^U3:^IIg#*!;3 0~ 

5 0 n mcOffS Sr*-r'S.»*^4 4c7)igJt*ffi. 

[ii5Rja54] wmw.7.a)}mmK cvot^ioT 

tTiS*«4 40Sa3t:^^. 

[ifi:*ja5 5] mrai^2<^ffi^MA^ cvDtcioT 
1 0 n miOJS $ S Tits $ iXTt: 'J 3 Sr-i- 
tJlf:^4 4<0S83S:<r«. 

[ffjRJa 5 61 B>IIEm3c7><1f >; i/y 3 -vm^'i^ 15 0 
~2 0 0 ninOJ¥$^^-r^ii^«4 40SSJt:fe-&. 
Cli^JS 5 7 3 iaB8*«^c^r^fc^S j: d 
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Btne^ 2C0--KU U 3 vMSr^c: t -it^ k . 
mne'vc:^ $fL. s^u-*f-f H-fb$fi.^m2io^yi^'j3 

Six, i^OV^ H-(fe;:^ttfelS2C0;Ki;>'i;3vMSr8tS 

KSl*jeBgf&±d^:m3«Dd?'J5^'J 3^^815:. fli^S 
^tctf6«-rS CI b Sr-^tf 7 -y i/-*^ t y T>'<W X(7> 

>tfyX {BPSG) ^^ts^Jl'~y°^<7)\ ^-rtlii^iZJ: r> 

[ mm 6 0 ] Hufes-(t:**i-^*M*v K-rk^- y 3 
<^)^i®. S{fci^y3>'igom2®. fej:i^fl:i'y3 

[ Wm 6 1 1 Htft Bl^^^=5:^'<— 9-«0lM^i0m 
fc. i|i!j2 0~5 0nmOgilS$-W-rS^S:Hi|IE^«£ 

trii*^5 7iOfSt:6-&. 

[ 6 3 ] irriESI^<7):^c7)^i6XS*^ . 1 0 0 
0 — 110 O'C-C. 3!«36 0#racr)lS3ai»M#5rS LS:-^ 

[ i»*lS 6 4 3 HuieSII^^ Ac?5^fe^Xg*>\ ^900 
•C.*!720 0~300m I — ;l^S«^*3gl*]-C<0iK#^r^ 

L ^-t-tfif^iB 6 2 <rm&-n^. 

iSC«^<OSST'tcni^?tl.S^-r^-;l'**^*l73 0-5 0 
n mt'S) . CltLtC J: oT>'n' y >y ^tt^?iA*^*^ 

c mm 6 6 3 jicTjv- k y- h t , 

Hulsv — H y— h fc j: t/-tefo^ =E y ^}vncr>v — k y- 




it^itiz^i-h t'.y hi^liS^t Jr-g-tJM ON O S 
[W*^6 9 ] B0i£'7-Hy-hi^;t)-ii>Htnet'.y hffi; 

|Jt^JS<50i»*T'fc:lS^§fLl>^-v*;i'S*f*&3 o~5 0 
Cis^ 7 o ] ifrieS'fi:!|«iiiJS<o-:6->!j^?M-fb!|is^ 

'7- F y- h mmMK. :t-vN'- H 7 ^ rm&. *3 <fct^ 

mssmm.-immmizvmtr?>mmmy-hiz:^ ss^ 
m^^mmfj^^coms^tii l 5- m^iz-r^<Diz-5t^^^mE. 

^5[*«fl^€. i: J: Tl!triB-fe;bS:gS^ai-r i: J: 

Ci:2r$'blC-t-tfM^7 0<?5MONO S^^U-fe/W. 

<r::lsb(,z, m^iii^tL6lV^\-cr)^XC0-^MZ-0 . 7V 
(numy— h $■ fit*&-r ^ i: S: ^ a> tc-^tflS*:^ 7 
OiOM O N O ^ 'J -fe/K 
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t^coma[*^niftL-l. J: o t:, lirfEy-ASfiiifflScr)^ 

MONOS^^y-fe^l^. 

118*317 63 |Jie-><*U-fe;i'^MONOSj«^ur 
^•Yrt<o^S<7)X^U-feypeDiof S)-5r- locD"?— 

1 0 v<rmmy~ h«JE«:«w&-r-& 1 1 i -oT^gajtw 

•r 4 C: k Sr S ^> fc:#tf It*^ 7 4 OM O N O S ^ =E U Hr 

X. mimv^-{mmmzi&K^\z y Ymimmm^yi^'-v 

M£itffl«T-3feO. HfffB^^^iRM-fki^m^ifiV^t'-y h 
laSfKiWiaiy- h±<0^S:3e;?. ^: i: J: -oT^I^tS 

il'Sif 6 6 COM O N O S ^ ^: y -fe^K 

T-S) 0 . mmmy— hi>h\ ^\tm?x: ^ f aa^^^o 

Jl 6 6 <OM O N O S j>f t y -te/K 

[ii*«7 9 3 m.imm^<r> i -y ^xrymim 

JsS^Sik KJ:->T||=?T$ft^»*Ja6 6COMONO S 
;^^y-fe/I^. 

C i»*«8 0 3 mit^^m^ 1 -:>c7>rn v ^'c^M^Sft 

mK 

t&Ti. i: fci TUfT ig*« 6 6 COM O N O S 




x-oxm^v-^ v^yt-)mmy-ht^e>m^^tix. 

B5iEM-fti|^«<o-:/7*si^S'fi:«!imis-rs> *) . m.i?co 
m(mmmif^m^immx$> ^ t . msd^iKm^m 
fBiisi^i^v-vh-./ h^j£gjcfs^*»t'-y bmwm^x$>o. 

^i&ss^-rs z t izi-^xmsi-^)t^i:m^tii-rz t i,zx 

o TS^tf ? ir & M O N O S -X :E y -fe;Kr)»3^:Sr^ . 

md.v-\^y-hi)>t=im^ixti^-^ ]^^it-)]Mmy 

v^"^ *-A^ismy-h^mo^^^M^vm^^- 
mmimmm^m^-max'ib-ox . ^less^M-ft:^ 

^I^l=i£V-.t'.y h^S£tic®iS3&>'b'-y hffiijc^tSt'S) 0. 

mmv-^i!mmm±<7>w£<omt:mi'7-)^y- hiz 
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B?f2SS?^-ft:!Sl«iS{=IS^iBBiHiBIffll*---Mc, JltR 

m.-fmmm-(:><r)m^tiiL^:-sTmiz-r^<Dizyt^y^mBc 

Bins'? - H h <7>-9- K ^- ->i^±-e^Mc J: -5 r 
H =f —Ji^my— hT<r)ONom^izmm.^ 
v^SoT, zii.(^^nmzmmL. $i^iz.^mtz 

timzmm-t?>^''y hissmmiiitifs^. 

mEiz'-yhmt,fmmziE<7)mj±^m^-r^m§. ax 
v^msi^-y hmmMm±.cr>mmy-h(,znir>mm^m 

m-hm§ Sr#tt M O N O S ^ ^: u -ir;ucof#*:fir«. 
msi'7-}^y-hi!>*(:>1tm^ixfz't-( l^^nr-zl^my 

mi^4 H ^ -mmy- \'T<7>m.itwimm)&}i & 

-^tfr' ^ -y S^iX^: U t^.'nM 
[ if ^« 8 5 3 Mi5-y--f K :r -/I^JW:>-*- h 

S -7- t S: $ (C-g-tflf^ 8 4 CO-f /"^ -f X . 
CfisraS 6 1 h-y- hcr^*»ii>H?iet'-y b 

— 50nmffc0> -tdTVN'U;:?.^^ -yi^m^iiAAJ^ 
t &if 8 4 £OM O N O S ^ ^: U •t;U. 

[000 1] 

itrvi^o 3 y-wHtm-m^m-mit-yv n >'flg (mo 

NOS) ;^tyTU-^c!0^it*tfe:fe±t^m«MONO 
Sj^=E:VTly^lzmt?>. 
[0002] 

MONOS kV^O 2OC0«|^*«S,S. t^JftcOj^ay— h 
??e§Tti. F - N h i^:*. y t^rf) S V M±y-;^-9-< KSE 

-5. mkcoMONosfj^-^ xx'itm^, ^^yv— h 




*r- hT<osKb^ ■ sftis • m.'m. ( oNo) mn<rm. 

[0 0 0 3] 

C^BJj&^MlftLid t-rSPH] MONOSffiJtJi. — 
f8m{Z.\t. -5-<04'<^ONOSilffi*»'7— h-y— h<?5Tl: 

L*»L=Sr*<'?> 1 9 98:^tc:, i:'^-:$'>- ^-vi^ 
(Kuo-Tung Chang) ^^ici^ ^yvi-^^y ^>y<ryt:.>i>\.Z 
V-:^-*)-^ K^SrfflV^SigTSONOSpC^iJ (A New 
S0N05 Memory Using Source Side Injection for Progr 
amHiing) j (IEEE Electron Letters, 19 9 8^7 
VoI.19,No.7) "C. 0 nmCOm^miM. 

K^:ro^^7 A ^^rrs M o N o s «j#3&<^)3*^T#g# 

<73MONOS;<^:y -^iMzm^i "7— K y— hT<r>ith 

ot,z. h' :r —fu-y- h rizo N omiSJK 2 2 

OOnmJ;'5>*:|!V%C0T, yo^^J^mmH. J: 

h t stR/y- H y- h fc ^DPH^^^^f - •\' :^^fummm^ 
^■v^t-^i'^^-Boii. «riEiai^,F«>i-csnja$*t 

fc*^-t>T. 'P^-^^ f-r>'C0SONOS^=e'J(S, 
fi!3ft<?Dli:4gh i^:^ y >-:?^MO NO S-feyuJ: 0 i>f <*iX!t 

[0 0 04] SONOS^^rU-te/U{±- ■?-io;^rD •/ h 

ONOS;>{t«JC!0|*lT3!fc!|ffc-l-Wxt%, -f-cOliJtfeit/ 

S O N O S •fc;UT'l±, ftdffliy- h h PfJf H 1^ * 
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-r,xmm^wm^fLi>. 

[0005] 1999 ^5^1 1 B\,Z}im^ttti\ HI— 

w^m<rmwm^)m^Q 9/3 13,30 2-^-^ <t 
)fiy-h^=eu-fe/wp'i^S:rt-$;h./::, i2i3A(if(rs^j$r 

r?-Yy—v\.zm?i-^i^^h:Lii mu^. w&y-v 
3 12. 3 1 3 i;"?- vy- h 3 4 1 ) . a^xfsm&t 

<?D*-S.y— XHW>'tSJJtfS*S (32 1. 3 22) 
^i?'^. lo<33;><^ y-b;Wi2otf0^^iBiiffi«^^r-r 

-s. iijoL/c3iry£/y r^j^i^-i. j s£tsc 

istj. vmy- N ( 3 3 1 . 3 3 2) \±msty-v\,zm 
^^tix. -iitcr>f9-my-h:b-iommizi-^<r>n.my— 
vimm-ttJ:oizmKttf&w^mi:miT?>, 

<io^^y{±>''«y;^X'f -/ i^&j^tzxfmj&yoy 
7iyyizx-:>xn^-:fifi^tLt. mi^T'^u xmm^ 

mm (profile) ^-t^, AOnmJiijmK^tl^m^ 
•y ^'iiA t nfim^ J: 3 =5r«f U < . ®i6T-Jl^'3raE 
1 9 98^^tfC0I EDM. 9 8 7WC0 rEEPROM 

/7 7 -y i^jLcofcii^tfD^N'y x-f <f -y ^ii:sitA2r*-r.s> 

;^-r.yT • X7"y -7 S • y— h-te^Uj (Step Split Gat 
e Cell with Ballistic Direction Injection for EEPR 
OM/FIasli) X\ J^^JXt-^ v -^^^Wmmm^lXtl, 

m2Ax:\i^ j^jfiy— y-fe^Ko. -'\'yx-r-f -vi^ 
iiA (^2 5) fcitX^foy-;^.-^-^ KriA (^2 
7) «Oite«d-*it«^S*ti.. -?-*t^>«OfflitCS^^Stw<KTV^ 
^.fmfc'fc. ^JWy-hjb^l 0 O nmCOi^. mJ^H 
{iy-x^^ vmxx^hh. L*>t=Sr3&»'^. 0281^:5^ 
SfL-5.J:oC;. >•^'y;^7^'^ v^'SA (113 5 ) ffllCig:^ 
^M(.^^^^vl^;SSr5ll7^:-ri otc. -?-v^«;l':^*J4 0 n 

X^ffTT'3fgfc'2r-i.:i)\ t-^c«y-X-9->f (IS 
3 7 ) ffltcijfil'S^j^jSiy- h^coi|^Tlrai£S*i^ . 
[00 06 1 StfiiWt:. ^'a- ^J'V f-^>'<0SONO 
S ^ y 1«5tC0•^f W K :r -vWf-x- ;TyP;R{± 2 0 0 n m 

t'fco. L3t*ioTmi?'7A^fl|{iy-x-9->f FiiA 

[0007] 

[|69J2:IKJ?5-r-&^c«)tfO^Sl ^aflOSES 
stt^BH-Cli. 2-?i3t{i 3 OCOiK y V- 'J n l^xr U -y h 




its. 3 — 5V^0^£v^rD^5AIBE•C^<'^m^^aAS& 

Xt^^ k:^:^- :S. Ogura) 2:^^:3, 

AO nmi.'Om^mmU^-tr-V^-T^-tVt:^'r^V-{ 
>'MONOS-fe/l'«jSt::i-?T. *^BB<7)^tjj;t/cK 
f^*«ll^tg-C-S>l». -fe/P-ffiJtti. < i ) '7-Ky-h 

coM-^-f \^±.<^mm-m.^m-mm (ono <om 

J:tX ( i i > geSt^teJ:->TSiJ«:>--KfeJ:tAb'-y h 
( 1 ) m!^'}'-T^)i't:^Lti>fz.»>0M^-^m^£^^ K 

( i i ).mmtim±.<mmy~ht^^m^^titM. 

C 0 0 0 8 ] *^BB«0SjSra:^^5A. ffi®E. S^Sft 
T'iTyUb' y ^S^fiiiOMONOS NVRA 

1. mm-y-vT<r)onomf^cr>m.'iL^^m>^<r>m.Tp^ 
5 . mm^^^j:mm.^-T ^^^nw o n o s s: f ija-r & u 

CO 0091 ^N'l»;^7"-< y^^MONOSpt^rD-feyWJ^. 
/js:<75 i 3 ^ia??iJT-S?iJ $ ti. !> . =2-;^ ^: -fe^Hi 1 o »? 
-Hy-hffl«0 2-oeoMfb!j?j®^. ijJ:t/2^coiOV 

[0010] #JpisilS1tO/ta^i0f'W&^fefrc08lS*^'lll3 
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-KSS?i^-h»±. '7-Ky— FiOHIfitaEEkO. «5V 

ftfiiOJj-— ^-Y Fii^IIhW- (override delta) tV — 
>^«BEtf^*3 ( Vt-wl+Voverdrive + Vs) ^T'SJ9^4> 

[00 11] 

[«B30SIM0jesS] » i Lv^^ef!|i^giBB*%B8t2 J: 

N O S-fe;n*ii«o^-fkJKiOTt>t.T' 'y 7°^^:t^;uSr*-rs 
[0012] 

imsmn ^m'^m. t>^x.)v, axj/n^ j^tvcomm. 
i'';3>'iig2 2 i3&t. t^s—io-^^ji-hiurmcom 

0Si-M:& (CVD) ICioT, **Jl 5 0— 2 5 0 n ine:)JP 

(chemical mechanical polishing: CMP) IzM'f'^ 
x.y^^'^^'Xh -yM't tTm6C«ffl$ix5M<k^2 3 2 
Tii^ CVDJ;-?T*!<J5 0~1 0 0 nmCOff$tCttS$iX 

J:t^^2r#-P vx=Jr>-:f^7*a-teX, feJ;i;-^fE-f 5^->- 
x.J,^y^(RIE) fcJ:i,M^fc)li2 3 2iJj:lf7K'J^' 

2 0 2*^'i&JPWt. ??ffl-jr'- FTOVTSrliS-r-ST^cS^ 
tc. l^:fr-fe>-f-><— F;l-S>/^0 3E 1 2~3E 1 3«0 
K-XiT'. :^^o<gJi::t->yl-^ (^ 1 0 K e V Ji:^^;!-^? J: 

4 A fcS^ $ ft J: 3 tc^ I. . 

[ 0 0 1 3 ] 124 B(3:T^:?fLS<J: 3^3. -^^-f V'^^—fl- 




C l34B{C:5^§*t-5J:5tC, V—\^y—h245<Dm 
■*r^ h'^^r-^WX'^— 9-2 4 2€: 
?efS:-r S J: d ^ . Sil^ :t {i:S:frS<5C»d<" 'J v- U 3 i'X -y 
f-^-^^i&Jife^ixg. . h^^ri: ON H— >'n*:^ h 2 0 3 <oa 
1 0~1 5KeV-C3E 1 3~4E 1 3/cm» 

CO 0 1 4 1 ia4C(tiigLT{i, «fc*<o-fl:;?s«s:s-ttx 

2 4 2 -«? . C: C0SPtT<7)ftM -y 

(BHF) . :^fflHF. 3bi.V^{±CF2/'02<7)J:•D>S^R 
It/if^^lZ-kM (etching out) $ixS. (O) 

-^-fbM ( N ) -mim ( o ) cr>mmm 230 

( 3 . 6nm) XOMAHzm^S . 6 — 5 
nmT-^>0. CVDtCi:-o-r«SSfL;tM'ft:i/-U3i^]K 

im2'^5nmTS>^. ^ hiziMmiitrntcvDim 
-c§i>. it^&m^m<7)mm.m:mi^^^Mz. m^t 

coo 1 5J CICIT-, *«?3 0~-5 0nmC7)U>-8SJn;KU 
£^ij3>?iBii3j:l^6 0— 1 0 0nm<O:J':xj/Xx>i^ 

y^x>^-1?-y— h tc^rS .04 0 tc^^fLS J: a . -9- 

H =r — ;l4iJfflF^'- h 2 4 0 ^ JB^f ^ H 

-ft^-lS^kl^i^WSMtmilLTXv^^^StiT. 
■iY^^—Mm'f-VT<r)?t.\,Z^ C:<r)ONOM2 30 

CO 0 1 6] JP§*<J1 0 nm(50S?-ft>->;3>-Ma5'S.V>{i 
a<klie«0StV>CVD|i|2 3 3*<«IW$fl.-5. S4Cte^ 
$ixl.J:oC, n*aAffl^2 0 4c0f^A6Oi; ViSj;!^ 
/fc^.V^tib^. 3E14— 5E1 5-<3ri^/cm2 
COH— XSr^$il"&. -^ffiOJ^^tiS 0— 1 5 On 

>jm.<7y9vw^^m'mAzm l i v 

C 0 0 1 7 1 ^fiajt LT{±. -^-i Y'^^—lVT.^-^ 
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iO^tr , y- h 2 4 0 JbtC1?--< H ^7 * — /HS-fliKX'^- 
-9-2 3 3 Sr?B^-r-g.3tWCSttSlE^ 3i->-x-y^>'^^*< 

■y ^'^^ (sputtering) (CioTl^l 0 nmC0:3>'<yUbfo 
-5v^(i^^>'*«Jta$n. *«;6 5 OiC-CSMfR«l#^r^ 
L (Tx-;W) *i||4f§ixS. y-h2 4 0fcJ:t/ti£ii 

^i^2 0 4 tojusicov- u 2 4 1 <r>mmm4 

n . 04 O Ciii^ y 1?->f K® 2 4 1 ifW^^ 

S ^:«6te, h^^S «,^{±Si:tfc«1^0R C^^ 

[0018] ismmmm<7m-^iii.x/:yiSih\^±m.\\L 

m2 3 5*<CVDtci-^T«l«Sil.S. iXtc. HFS^a 
«>S7t46t::C VDiefliv' U 3>K*SV^{SB SGOK2 

Aiifimm^tih, mm^^mntcu-pizii'yxmtP'fi 

xm.iYM2 3 2\,Z^h, 

C 0 0 1 9 ] LT«. mW3^M2 4 7{i. 

H :)-- /W^'- h R C ffil^Jb I, JS L'-t: 

ftWiH^trS) -1. c: i; j&^-C § ^ . mmMt^c MP\,zX-^X@ 

t^ixxm.itm2 3 2i,z^j:hmz^ mmm±mmKm>{ 

>'J^>y^:yi!>^l,zXr>Xm.'S-^y^ — hfU ( 5 Onm) ^ 

:it^ti&. mz^ cvDcjcorgHki^u^^-iig (*«> 

5 0nm) t^tm^itX. ^4 E<02 3 6fc«fc-5T^$ 
i^S J: 3 tc C M P *<^ff ^ ix-S. , 
[00201 04E<Og-fl:K2 3 214. HaPO^tJro 

h^^m^eo-it^j^ y^y^iz^-oxmiRmiz 

x-/-f->'i?'$ti^. 1 5 0~2 0 OnmOJi:Sc7>;^fy>' 
y a>'ll*«CVDl=J:-5T«IW$ixS, SMsKUv-Un 

ym2 4 8 fc itrreeo.-Ky u :3yT7— h h 2 4 

5*^ ji^c737;r M^>''xhtJJ;VR I E7°a-fextcj; 
r>T|5SS$ix-2., C:<7)^,'^itO«at35»^S14Ftc^$fii.. 
[002 11 l58^&'7-h-igl:>'-h*fe-^-r*^i:t2 
i-^T. jKI/v-U 3>-]^2 4 83&>'V-h'iav-f-¥i: LT 

rj ^'Miif - :S' V>i4 =?y N'yl- h f X U tf-f H-fk^ixtf 
•i.. ;»<^y-fe;UOASftlr^c^ffl0#!E14Glw^$ix^. 

aa}^j-iii^Ji«*«®4 Gizmm2 0 9i:-^$tL5.. 
[0022] fj^cora-fexa. ^^!Ktc®v%^-T^^;u- 

(3 0~5 0nm) 5-W-ri>Tl/— ^— :^;W?jay 




(a 



[0 0 2 3] K-r§iiJi#''Ji^ya>'S-SlttX /^ 

iti^ y n >'M 2 2 1 **Sa:tx y . Xt-'v 

{±. ai-y^:^j5^&v-Un>-*Krtt::i3j;^2 0~5 On 

10— 15Ke. V<:7>x:4v7U^-e H — Xm.ii< 3 F, 1 3 
— 4 E 1 3/c m^Tfei. i 3 ^N«iS2 O 3 ^Jg^-r 

3tJi-7f->-:^ (HNOg/HF/Ac i t i cK. ft-S. 
OtiHsPOiiTtJiNH^OH) ^^^TT^Xs'X-v^ 

>i^<r>l£%hi]P'iizii'>x. Y—y^iLtz^<i)\^-!'n-Wit 

Tt^«^i^^:^•- hK-fl:1^2 2 1 $rf^«l;:ftS'JLfc^ 

{S*«j2 0~5 0nmT'^{-rtXtt'^^>^t^, SUSSO^I*-* 
5feoTV>&%^tCj±. *«;6 0#ra<0*«7l 0 0 0~1 10 
0"C-CcOaSI^#^r* L (RTA) tcJ:i>^c05tLi«^*>' 
SI!RWCJtli^>iXl.*>. *.2.V^{±9 0 O'C. 200—3 
0 0 m h~)VS.-C<nAiW^^ ^± Lii^m¥T^ti^S> . Z. 

it^<o^ttiiimM<r>^iz^ w^mimm<^^mi,z 

C 0 0 2 4 111 5 CiZyjkL^X o IC. SS-ftH-S^CIK- 

*^{:3«T-«^§fi.^rvv mm^^miimmmzj: 
^■^ir. s {±itsi yycom^ ( 3 . 6 n 

m> J:•9t>ffi*HCJ?V^3. 6 — 5 nmT-«>«.. CVDlC 

J; o TitW^ il^C^-fk^- U n i^M{S*«J 2 - 5 n m-Cfc 
$^CIISPe!-ftM3&*CVDtcj:-5Ttta$n-C. 

ibt,zmm-\\Lz:Mx. hzt t>^x-% h . t. tzm^m.\m.<r^ 
[0025] <*:c. sijffliy- hir^r^ vssjp^i; v-y 

3>'M*^90 — 1 80 nmcoJIg^-Cita^ixT. I15C 
(C^^fl&i ^(C. -^--f H'>;J— yl'C^'— h24 05rJ^B£ 

ixi.. ru—f- xry -y h-fyN'-fxffltc^;t'bn?"cSS 
fc. x-r /rxr'J y f-r>''«'fx&S3tT^S, 

J^;nvi o N o s >f v-iryuom i 
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[00261 yU—i — aXX/Xy-'yy'T'J^^ XCO^ij 

-Jl'X-^—V2A2l±, :iiCV'>V:J><y)itiy*)iz. y"y 
XvS-fkM. m^m^t:lt^^^mv>:^'yx (BPS 
G> Tt^c^. =6rtf^:^.{f, l^-fki^ U 3 >'JKtc*t^ 
S . H3 P O4 !^^:t4«f?H F I^T'OOl -y f - i'rm&li 
^^mt::?Sv^ (09;ttfii?5r< ktlO-100<g) *>ii>-C 

[00 27 1 2|s:^JiOm3«O|ISfe0lJ*>ia6A-6D. iJ 
J: 1/ 6 F LTo*^ . *?|H3(?om 3 co^SSPH 
T14. 2OC0-»f^ ;l.x^— 9-cOf^i?0tC*— O 

CO . HI cr>mS&m(^yU—t—'y >f>'MONOS;><^:'J 
-feyK7)igitXS**®B^l:$nS. iUgc^CMOST-D-fe 
Xt>^<^<^^m¥v— H U v"J 3 2 4 5 <OJtS 

OHff*^<c.j!#*.5.. seAoSf^-s-fb^-ss-fb^ (o 
NO) cr>mmm2 3otmssi^tii>. K23 ofi^d-c- 

t©m-ft;<55/^a6tc3JlTii:*$*i^rV^, SgPK'fbi^ U 3 
^MJiftJ 3 . 6 — 5 n miT)®^ T1?fiBKtt= J: 0 ?^BS$ 
^ cotimt. L < . C V D i ^ T its $ fL7tM-fli£^ U 3 
>'JK{4*lJ2 — 5 nm-e$)'5. ]lgf'?5®'(t;K{±CVDtC i 

n >'fc <t nftg^Ht-f K ^ -;PX'<— >f*iaS! t 

li3J:^/f|g2<oro-fexsete0|J^^^gKTfil*H^^i:v^. <>: 

CVDtc:J:oTy-h«^fflO;}^yi^y n^2 4 5 
?lt=^§CVDM-fLv-U3>')K2 3 2*J*?» 
5 0—1 0 Onm£7)J?$('ita$<xS. 
[00281 iJcfcl. J>(^r y ^r- h 2 4.5 S-^^fig-fS/itfi 

^3vx^>'Jr7•a•^rx*«||^f§i^5. <J^:v%T\ T«0 
StiBffil2 3 On<riTm<nmCi^'i 3>'ffi|S-Jl.y^>'i5^X 
^ LT. :5f yx-y ^VT* ( R I E) lzJ;o 

T*fy i^y :2>'M!&^siefcx-yf->'^$fis. actc. la 

eMZ7n^irti>i:o(,Z. :^'>S2 0 2*«(gX:T-;Udf ( i 
OKe Vi OtSv-i) , *>0 5E 1 2 — 2E 1 S-^^y-/ 
cm2<7)K— XMT'ilSllWtC'f ^>'rr*>2>^$*r. 
tiTt. Huf5*'^?^i:l§lt.^c0^5E 1 2 — 1 . 5E 

1 3Kev-c'Ri^ic^<«'*>a*ixSo ^m<r>mmi>zx 

[00 29 1 ^5 nin<7)>'y=r>-»IK2 3 4*^-1fy>'y 

c VDt^i ottSfSiT-S. ASfi<jt=t±*«;9 o— i 

5 0 n mcr>m^ Sr^f-T y y rJ i^K*<Jt 




(a 



im^ommmirnmLx . iei s-sEis/cm^ 

( 8 5 0—9 0 OXDT'S — 2 0^) t'i'hSffteii^tSSrfS 

iM73 0~!5 0ntn (m^<OT%^*XS<7)3-~4m) 
[0030] -f-'T)^, IfcE^tfO-fL^e^J^ttJ^-y^i^^^tc 

{±HB r/CLt/Oat'S^I,. -/-ft^icmMllJ:-:. 

iStT.^. ®6C(C^$*LS«JlflgONO2 3 0rt<01II8f 

m<tmi>Z-fth-:>X . CVDfcJ;-3T$«j4~6 nmCOfiL 
V^g?-fb5> U 3 2 4 4 ii^itS^ tli . TliBKjU^cOS, 

[0031] trti. K-^ :r- 

jux^-^ 2 3 4 <73l^oflirt: . R I E J: -? xwtitm 

iz. jM^imz:i&'^-rs,tiif)tz. cvDtiXx/mmi^ 

^j:^mzX ^xm4^e n mcr)mL^^mi\^i)mm^ 
it,^. -^x -y h^rMilS^f^X'iOi^a 5 9~9 0 o-c 
T-2 0^<Dm^-{bro-feX*tC. ^6DtC2 4 4f5^ 

2 0 n miomMi}^mab^lZ.mfS.niXh . ClcOJgV^lS'ft 

mmy- h 2 4 0 1 b* -y h fi£Sic«iJ*2 0 4 k oia 

[0 0 3 2] 7— H:.-K'J>'1;3>-2 4 5i:lHgPS-fkK2 

3 2<7)]^$C0^J; 0 i3j;-e3 0 0nm 

ttrzyff U >- U a 2 4 O , S:6-|ai't4KJiG'f 

>'JL -y^-y ^IzX-yX. *t?5 0 nm'Vd^^n-S.. 
Iw. **Jl 0nmt7)^V>-?-;?i^(b^V>t±a>'N';P->*^tfeaS 
ttX'^V-t^ Y^tifim?f^ix?>, v-Uif-^ K1BI24 l{i 
$fJffliy-b»iiSrffi^S7t4^0t£7)T'S>i.. 23 

vN'-f ;^<7)Bt®3!pS 6 C *> it/ 6 D tc^$ix^ , 
[ 0 0 3 3 ] iXtC . Ha P O4 3b ^ V ^{i^ie<7>fb^6^x -y 
^V^^tCioT. M'fliJK2 3 25{)^SS?«t33^-yf-Vir$ 
*t&. $^1 5 0~2 0 0 nni<7)Ji:$S:%-r-&!l^U>'Ua 
>'IIS2 4 8*«CVDfc:J:-5TJt«S*XS. 
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nvKfc J:irrJSO'7- Ky-h^KU j^'J 3 V2 4 5*< 

[ O 0 3 4 ] P^l> T7- HSay- h C: 
ioT. jri;S'yr7>'JK2 4 8*«'7-Kei'7>f-\'t L-C 

* . ^ ^ U ■fe;l'C0#^(ilFS:^Faia*«S4 GIZtH^ ftS . 
^«^S«Sl^*^i^2 0 9K:J:-^T»tt^ix>S>, .Tfti^ 
^■^i^^^ttS,J:o^tmX'm^ 

[003 51 m^<r>mnmi,zii\,^xii. :^m:mcr>p(^ y 

- v^mm-y- hi)^2-^(7)mi\:^mmm^X'^^^ix. 
T(r>m'{mmmizwM^ix. ^miim'r>-7-i»t:miE 

[0036] #-m(4iaMffl«0lM^^ 

*-0T^< . mmy-hTffymtmmMmiztm^ixh 

ftibcr)^ Vt-hifcit^Vt-low^i^fl.-f-'niiffl'aEiDS 
m— <0'7-Hy— h^wfl.;?».^i5$*i.7t:2oc7)^-ft*& 

hyyi^xis^co}^-h(i>izhmm'ts>zt:f}iX'th. x 

y- yyxyu hiiJ:r/yu—i—J<UXv^^ vPV'y 

[0037] yi — y-xy) -y hy—h^'^vxy^ -y 

Ky-h340. 3 4 1. t>J:t^3 4 2{i^Tmii^<a 

ri^o y^^tcm^^fi. mmzmm^tix'p-Yn 

350i:mm-^. 7-Hy-h34 0. 34 1. Hi. 

Noiiif^cTjM'fkMw. v?-^=t^jm(r:mmjL<7m.mx'h 

-g.. C:iX^^C7)^-ft,^^JSi±. [17 BfcJ;t/7C<:7)3 1 
0. 311, 312. 313. 314,. 3 1 STfcS. 



(a. 3) )02-170891 ^^0 0 2-1 7JL8 



3. tsXX/fSm^mMm2A 73&^S®#cTfcSJ:3^:SI 

mmitiXif2iz^^Tm--mmy-h33o. 33 

1. 3 3 2. 3 3 35-?^fi£t-S<rfctcj:"5. l^tffifJc^ 

its . 1 ^wlfetJ[1Sii^-i^i&-r.£ 2 ooifW" K a- 

[0038] S{t;!B!J«HJS3 1 1 iJit^S 1 2«±$iJffll>-'- 
h-3 3lSrifc^L, S'fb!|45SiS3 13feJ:W^3 14J4*iJ 
1SII^r'-h33 2$-Stl^S, ^^r>J-fe/U3 0 1{i. V- 
xmrnmS 2 1 JSilft'-y hfi£tSc^^3 2 2 $r*L. 

3o<7)ir-h, -tKciy^rmizm-immms 1 2$r*oi 

•r-2>*J®y- h 3 3 1 . V— H:^'- h 3 4 1 . fcilTF 

jit=a-ft!f5!i^JS3 1 3 irmm-r^m^comm-y-h 3 3 

2 i 5 tCSJBB^S i i: S . K-y- h 

3 4 1 Jim«i6MS^i^/:t7.xW -y^t'S) 0 . SiM^^'- 

mmi,ztiiti-ti>ztf:-srmz-r&. isitv-v-y-hS: 
;w3 0 1 i*i-c-t±. m'tti^mm^m^T^cr, i -ocom^m 

l^j 3 1 3ti±, mtK^tit^mm^Tc^o-i^cr^tR^ 

^i^j 31 2i:{i. mtR-^ttfcm^<^mm^^^T<7) 



$ tit: yt=to-^ 11-3 0 MzMhm&tnx^^mm^ti 

l^j 3 10fcJ:t/^3 1 Sttt. IS)— 

iS3 2 U±. S«??itfca^b!fJjS«^iS*»<?><02o(?)^ 
&LltiSLfcg?-&a5<i. rt'y hj a£UcjSJ|j3 2 2iD? 

C o 0 3 9 1 -«wg{t:!f«»S«ffifiS*>^>- 

:fj<r>mimmmm.<n>m%i:m^-r^t:i^iz. mm-y- 

*£ir>*> ^•^—f<>—3A h* (over-ride) j , rji^xT" 

(express) j . fcil^ ^jipjt (suppress) j ifii 
S . SQffll^^- hmE^g|«, 7- K^mffi«^-&H-*<2 . 
0 Vtci^ri? . r b' y h J i£iS[^i«mS*«0 VT* 0 , 

o r y J \m.^WmS<r)'^V^ifi 1. 2Vtc^r^J:d 

SidtC. V (CG) *f^miE (~5V) t.'Vn^ihtl. 

(2. OV) ^T^if>C^iX, ^nmy—hTco^f-^^-'/u 
^?Pih-r§:^i^(c. ©Jffliy-h*<OVlc:iS^$fLS, 

[ 0 0 4 o ] ^ 1 ti, msi^titimimmms 1 3«gg 

[004 1] 



[0042] mmM&ti''io-ri}Hzncom-^. h-rnnzt 
crmmy- hms. ( *«7- o . 7 v ) x-miu^mmant: 

¥P±thZt:ifX't?>. 

[ 0 0 4 3 ] 03 ciz^^ti^mimmms 1 scom;^' 

1. 2V) (,zm.^^rLi>:it'¥X'^. ^'•yhWi3 2 2ii 
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[ ^ HH ffl S 1 

1 . Title of Invention 

PROCESS FOR MAKING AND PROGRAMMING AND OPERATING A DUAL-BtT MULTI-LEVEL 

BALLISTIC MONOS MEMORY 



2. Claims 

1 . A method for fabncating a MONOS memory device comprising: 

formtns a gate silicort oxide layer on the surface of a Bemiconductor 

substrate; 

depositing a first polysklicon layer overlying said gate silicon oxide layer: 
depositing a first nitride layer overlying said first polysllicon layer; 
patterning said ffrst poJyslHcon layer and said first nitrids layer to form word gales 
wherein a gap is left between two of said word gates: 

. forming a first insulating layer on the sidewalJs of said word gates; 
depositing a spacer layer overlying said word gates and said gate silicon oxi<Se 

layer 

anisotropically etching away said spacer ^ayer to leave disposable spacers on the 
sidewails of said word gates; 

Implanting ions into said semiconductor siibstrate to form a lightly doped region 
wherein said disposable spacers act as an implantation mask; 

thereafter removing said disposable spacers; 

depositing a nitride-containing layer over said semiconductor suksstrate in said gap; 
depositing a second polysllicon layer overlying said word gates and said nitride- 
containing tayen 

anisotropically etching away said second polysHicon layer and said nitride- 
containing layer to leave polysilicon spacers on the sidewails of said word gates wher^n 
said polysilicon spacers form control sidewall spacer gates and wherein said nitride- 
containing layer underlying each of said control sidewall spacer gates forms a nitride region 
in which charge is stored ; 

forming a second insulating layer on said control sidewall spacer gates; 

implanting Ions into said semiconduclor substrate to form a bit diffusion region 
wherein said control sidewall spacer gates act as an implantation mask; 
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coating a gap filling matenat over the surface of said substrate wherein said gap- 
filling material fills said gap between said two of said word gates; 
planarizing said gap-fUfing materia]; 

thereafter removing said first nitride layer overlying said word gates; and 
depositing a third polysilicon layer overlying said substrate wherein said third 

polysilicon layer forms a word line connecting underlying said word gates to complete said 

fabrication of said MONOS memory device. 

2. The method according to Claim 1 wherein said gate silicon oxide layer has a thickness 
of between about 5 and 10 nanometers. 




3. The method according to Claim 1 wherein said first polysilicon layer Is deposited by 
chemical vapor deposition to a thickness of tietween at>out 150 and 250 nanometers. 

4. The method according to Claim 1 wherein said first nitride layer is deposited by chemical 
vapor deposition to a thickness of between about 50 and 100 nanometers. 

5. The method according to Claim 1 wherein sa»d first insulating layer is formed by 
thermally growing a silicon oxide layer to a thickness of between about 5 and 10 
nanometers on the sidewalls of said word gates. 

6 The method according to Claim 1 wherein said first insulating layer is formed by 
depositing a silicon oxide Kayer by chemical vapor deposition to a thldcness of between 
about 5 and 10 nanometers on the sidewalls of said word gates. 
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7. The method accordrng to Cfaim 1 wherein said first insulating layer is formed by 
depasfting a sliicon n{tnde layer to a thickness of between about 5 and 10 nanometers on 
the sidewalls of said word gates. 

6. The method acoording to Claim 1 wherein said first insulating layer is formed by 
depositing a silicon oxide layer and a silicon nitride layer to a combined thicKness of 
between about 5 and 10 nanometers on the sidewalls of said word gates. 

9. The method according to Claim 1 wherein said spacer Jayer comprises one of the group 
containing poiysilicon, plasma nitride, plasma oxymtride. and borophosphosilicate glass 
(BPSG) and has a thickness of between about 3D and 50 nanometers. 

10. The method according to Claim 1 wherein said step of removing said disposable 
spacers comprises a dry chemical anisotropic etch. 

11. The method accordirig to Claim 1 wherein said step of depositing said nitride- 
containing layer comprises: 

growing a first 5ilicor> oxide layer to a thickness of between about 3.6 and 5.0 
nanometers on said semiconductor substrate; 

depositing a silicon nitride layer having a thickness of about 2 to 5 nanometers 
overlying said first silicon a)ddle layer and 

depositing a second siTicon oxide layer having a thici<ness of between about 4 and 
8 nanometers overlying said silicon nitride layer. 



12. The method according to Claim 1 further comprising nitriding said first silicon oxide 
layer before said step of depositing said sliicon nitride layer. 
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9 to Claim 1 wherein said second porysUicon layer has a thickness 
50 nanometers. 

14. The method according to Ckatm 1 wherein said second polysilicon layer has a thickness 
of between about 30 and 50 nanometers and further comprising depositing a tungsten 
sillcide layer having a thickness of between about 60 and 100 nanometers and wherein 
said second polysilicon layer and tungsten siydde layer together form said control sidewall 
spacer gates. 

15. The method accorcfing to Claim 1 wherein said second insulating layer comprises 
silicon oxide deposited by chemical vapor deposition to a thickness of about 10 
nanometers. 



13. The method accordin 
of between about 30 and 



16. The method according to Claim 1 wherein said second Insulating layer comprises 
silicon nitndG deposited by chemical vapor deposition to a thickness of about 10 
nanometers. 

17. The method according to Claim 1 further comprising: 

anisotropicaliy etching said second insulating layer to form sidewall oxide spacers 
on lower portions of said control sidewall spacer gates; and 

thereafter siliciding upper portions of said control sidewall spacer gates and said bit 
diffusion region. 

18. The method according to Claim 1 wherem said gap-filling material comprises one of the 
group containing silicon oxide and borosiiicate glass. 
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19. The method according to Claim 1 wherBin said gap^fming materia) comprises a 
conductive material and further comprising: 

recessing said conductive material below the surface of said first nitride layer; 
depositing a silicon oxide layer overlying said racessod conductive material; and 
ptanarizing said sfllcon oxide layer wherein said conductive material and underlying 
said control sidewall spacer gates together form a control gate. 

20. The method according to Claim 1 wherein said third polysiiicon layer has a thickness of 
between about 1 50 and ZOO nanometers. 

21. The method according to Claim 1 ^rther comprising siliciding said word line. 

22. A method for fabricating a step split structure MONOS memory device comprtsing: 

forming a gate silicon oxide layer on the surface of a semiconductor 

substrate; 

depositing a first polysUicon layer over{ying said gate silicon oxide layer: 
depositing a first nitride layer overlying said first polysiiicon layer; 
patterning said first polysiiicon layer and said first nitride layer to form word gates 
wherein a gap is left between two of said word gates: 

forming a first insulating layer on the sidowalls of said word gates; 
depositing a spacer layer overlying said word gates and said gate sificon oxide 

layer; 

anisotropically etching away said spacer layer to leave disposable spacers on the 
sidewalls of said word gates; 
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etching away said gate silicon oxide layer nol covered by said word gates and said 
disposable spacers to expose a portion of said semiconductor substrate: 

etching a^vay said exposed portion ot said semiconductor sutistrate to form a step 
into said substrate: 

implanting ions into said semiconductor substrate to form a lightly doped region 
wtiereih said disposable spacers act as an implantation mask; 
thereafter removing said disposable spacers; 

removing said gate sil'icon oxide layer underlying said disposable polysilicon 
spacers; 

forming a composite layer of oxide-nitride-oxIde overlying said semiconductor 
substrate: 

depositing a second polysilicon layer overlying said word gales and said second 
gate silicon oxide layer 

anisotropically etching away said second polysilicon iayer and said composite 
oxide-nitride-oxide layer to leave polysilicon spacers on the sidewalls of said word gates 
wherein said polysilicon spacers form sidewall control gates and v\^erein the nitride portion 
of said composite oxide-nitrlde-oxide layer underlying each of said sidewall control gates 
forms a nitride region in which charge is stored; 

forming a second insulating layer on said control sidewall gates; 
implanting ions into said semiconductor substrate; to form a bit difhislon region 
wherein said control sidewall gates act as an implantation mask; 

coating a gap filling material over the surface of said substrate wherein said gap- 
filling material fills said gap between said two of said word gates; 
planarizing said gap-fllling material; 

thereafter removing said first nitride layer overlying said word gates; and 
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depositing a thind polysllicon layer overlying said substrate wherein &aid third 
polysilicon layer forms a word tine connecting underlying said word gates to complete said 
fabrication of said Fv^NOS memory device. 

23. The method according to Claim 22 wherein said first polysiricon lays' is deposited by 
chemical vapor deposition to a thickness of between about 150 and 250 nanometers. 



24. The method according to Claim 22 wherein said first nltnde layer is deposited by 
chemtcaJ vapor deposition to a thickness of between about 50 and 100 nanometers. 

25. The method according to Claim 22 wherein said first insulating layer is fomned by 
thermally growing a silicon oxide layer to a thickness of between about 5 and 10 
nanometers on the sidewalls of said word gates. 

26. The method according to Claim 22 wherein said firsX insulating layer has a thickness of 
between about 5 and 10 nanometers on the sidewatls of said word gates. 



27. The method according to Claim 22 wherein said spacer layer comprises one of the. 
group containing polysilicon. plasma nitride, plasma oxynitride, and borophosphosilicate 
glass (BPSG) and has a thickness of between about 30 and 50 nanometers. 

26. The method according to Claim 22 wherein said step of removing said disposable 
spacers comprises a dry chemical anisotropic etch. 

29. The method according to Claim 22 wherein said step into said semiconductor substrate 
has a depth of between about 20 and 50 nanometers. 



(€2 7) )02-l 70891 ^^0 0 2-1 7JL8 



30. Tha method according to Claim 22 after said step of removing said gate silicon oxide 
layer underlying said disposable spacers further conr\prising rounding the corners of said 
step. 

31. The method according to Ciaim 30 wherein said step of rounding said comers of said 
step comprises a r^ld thermal arvteal at between about 10Q0 and 1100 % for about 60 
seconds. 



32. The method according to Claim 30 wherein said step of rounding said corners of said 
step comprises annealing In hydrogen at about 900 ^'C at a pressure of between about 200 
and 300 mtorr. 

33. The method according to Ctaim 22 wherein said oxide-nltride-oxide composite layer 
comprises: 

a first silicon oxide layer having a thickness of between about 3.6 and 5.0 
nanometers; 

a second silicon nitride layer having a thiclcness of about 2 to 5 nanometers: and 
a third silicon oxide layer having a thickness of between about 4 and 8 nanometers. 

34. The method according to Claim 22 wherein said second poiysilicon layer has a 
thickness of between about 30 and 50 nanometers. 

35. The method according to Claim 22 wherein said second poiysilicon layer has a 
thickness of betvween abbvit 30 and 50 nanorrieters and further comprising depositing a 
tungsteri siiicide layer having a thickness of between about 60 and 100 nanometers and 
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wherein said third palysHicon layer and tungsten sflicide fayer together fonn said control 
sidewall spacer gates. 

36. The method according to Claim 22 wherein said second insulatir^ layer comprises 
silicon oxide deposited by chemical vapor deposition to a thickness of about 1 0 
nanometers. 

37. The method according to Claim 22 wherein said second insuteting layer comprises 
silicon nitride deposited by chemical vapor deposition to a thickness of about 10 
nanometers. 

38. The method according to Claim 22 further comprising: 

anisotropically etching sakj second insulating >ayer to form sidewall oxide spacers 
on lower portions of said control sidewall spacer gates; and 

thereafter siOcidtng upper portions of said control sidewalJ spacer gates and said fait 
diffusion region. 

39. The method according to Claim 22 wherein said gap-filling material comprises one of 
the group containing silicon oxide and borosilicate glass. 

40. The method according to Claim 22 wherein said gap-filling material comprises a 
conductive material and further comprising: 

recessing said conductive material below the surface of said first nitride layer; 
depositing a silicon oxide layer overlying said recessed conductive material; and 
planarizing said silicon oxide layer wherein said conductive material and underlying 
said control sidewall spacer gates together form a control gate. 
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41. The method according to Claim 22 wherein said thi/d polysii'rcon layer has a thickness 
of between about 90 and 180 nanometers. 

42. The method accortfng to Claim 22 further comprising sflidding said worxJ line. 

43. The method according to Claim 22 further comprising sUiciding said wojd line. 

44. A method for fabricating a MONOS memory device comprising: 



depositing a first polysilicon layer overJying said nitride-containing layer 
depositing a second nitride layer overlying said first poly&ilicon layer 
patterrung said first polysilioon layer and said secorKi nitride layer to form word 
gates wherein a gap is left between two erf said word gates; 

fomiing a first Insulating layer on the sidewalls of said word gates; 

depositing a spacer layer overiying said word gates and said gate silicon oxide 

layer; 

anisotropically etching away sard spacer layer to leave disposable spacers on the 
sidewalls of said word gates; 

implanting ions into said semiconductor substrate to form a bit diffusion junction 
wherein said disposable spacers act as an implantation mask; 

thereafter removing said disposable spacers; 

depositing a second polysincon layer overlying said word gates and filling said gap; 
recessing said second polysilicon layer below a surface of said second nitride layer; 



forming a nitride-containing layer on the surface of a semiconductor 



substrate; 
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siliciding said recessed second poiysiiicon la/er v^herein said silicided recessed 
second polysificon layer forms a control gate; 

depositing an onde layer overlying said slUdded recessed second polysificon layer; 

thereafter removing said second nUride layer overlying said word gates; and 

depositing a third polysilicon layer overlying said substrate wherein said third 
poly&ilicon layer forms a word fine connecting underlying said word gates to complete said 
febrication of said IVIONOS memory device. 

45. The method according to Claim 44 wherein said step of fonning said nitride-containing 
layer comprises: 

growing a first silicon oxide layer to a thickness of between about 3.6 and 5.0 
nanometers on said semiconductor substrate; 

depu^siting a silicon rvtrTde layer having a thickness of about 2 to 5 nanometers 
overlying said first silicon oxide layer and 

depositing a second sificon oxide layer having a thickness of between about 4 and 
B nanometers overlying said silicon nitride layer. 

48. The method according to Claim 45 further comprising nHriding said first silicon oxide 
layer before said step of depositing said silicon nitride layer. 

47. The method according to Claim 44 wriereinsaid first polysilicon layer fs deposited by 
chemical vapor deposition to a thickness of between about 1 50 and 250 nanometers. 

48. The method according to Claim 44 v/herein said second nitride layer is deposited by 
chemical vapor deposition to a thickness of between about 50 and 1 00 nanometers. 
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49. The method according lo Claim 44 wherein said first InsuJating layer is formed to a 
thickness of between about 5 and 10 nanometers on the sidewalls of said word gates. 

50. The method according to Claim 44 wherein said spacer layer comprises one of the 
group containing palysilicon. plasma nitride, plasma oxymlride. and borophosphosilfcate 
glass (BPSG) and has a thickness of between about 30 and 50 nanometers. 

51. The method according to Claim 44 further comprising before said step of removing said 
disposable spacers: 

etching away said second silicon oxide layer not covered by said disposable 
spacers; 

depositing a third silicon oxide layer overlying said nitride layer to a thickness of 
between about 4 and 6 nanometers; and 

oxidbung said third silicon oxide layer to form an oxide layer having a thickness of 
about 20 nanometers over said nitride layer whereby coupling capacitance between said 
control gate and said bit diffusion is reduced. 

52. The method according to Claim 44 wherein.said step of removing said disposable 
spacers comprises a dry chemicai anisotropic etch. 

53. The method according to Claim 44 wherein said second polysiilcon layer has a 
thickness of between about 30 and 50 nanometers. 



54. The method according to Claim 44 wherein said second insulating layer comprises 
silicon oxide deposited by chemical vapor deposition to a thickness of about 10 
nanometers. 
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55. The method accorcfing to Claim 44 wherein said second insulating layer comprises 
silicon nitride deposited by chemical vapor d^osition to a thickness of about 10 
nariGmeters, 

56. The method according to Ctaim 44 wherein said third potysilicon layer has a INckness 
of between about 150 and 200 nanometers. 

57. A method for fabricating a flash memory device comprising: 

providing word gates os/erlying a gate silicon oxide layer on the 
surface of a semiconductor substrate wherein a gap ts left between two of said word gates; 
forming disposable spacers on the sidewalls of said word gales; 
implanting Ions into said semiconductor substrate to form a lightly doped region 
wherein said disposable spacers act as an implantation mask; 
thereafter removing said disposable spacers; 

forming sidewall pokysilicon gates on the sidewalls of said vt/ord gates, each of said 
sidewall polysilicon gates having an underlying nitride-containing layer wherein the nitride 
region of said nitride-containing layer acts as a nitride charge region; 

implanting Ions into said semiconductor substrate to fomn a bit diffusion region 
wherein said sidewall polysilicon gates act as an implantation mask; 

forming an insulating layer on said sidewall gates; 

filling said gap between said two of said word gates with a second polysilicon layer: 
recessing said second polysilicon layer; 
suiciding said recessed second polysilicon layer; 

covering said siiicided recessed second polysilicon layer with an oxide layer 
wherein said siiicided recessed second polysilicon layer along with underlying satd sidewall 
polysilicon gates form a control gate; and 
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depositing a third polysilicon layer overtying said substrate wherein said third 
polysilicon layer forms a word line connecting said word gates to complete said fabrication 
of said flash memory device. 

58. The method according to Claim 57 wherein said firsl polysilicon layer has a thickness of 
between about 1SD and 250 nanometers. 

59. The method according to Claim 57 w\(hereln said disposable spacers comprise one of 
the group containing polysilteon, plasma nitride, plasma oxynftride, and 
borophosphosOicate glass (BPSG ). 

60. The method according to Claim 57 wherein said nitride-containing layer comprises a 
first layer of siRcon oxide, a second layer of a'llcon nitride, and a tWrd layer of silicon oxide. 

61 . The method according to Claim 57 after said step of removing said disposable spacers 
further comprising etching into said semiconductor substrate to form a step into said 
semiconductor substrate having a depth of betwisen about 20 and 50 nanometers. 

62. The method according to Claim 57 further comprising rounding the corners of said step. 

63. The method according to Claim 62 wherein Sdid step of rounding said corners of said 
step comprises a rapid thermal anneal at between about 1000 and 1 1 00 °C for about 60 
seconds. 
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64. The method according to Claim 62 wherein said step of rounding said comers of said 
step comprises annealing in hydrogen at about 900 °C at a pressure of between about 200 
and 300 mtorr. 



65. The method according to Claim 57 wherein a channel length defined from an edge of 
said MTord gate to an edge of adjacent said fait diffusion region is between about 30 and 50 
nm and whereby ballistic electron injection occurs. 

66. A MOMOS memory cell comprising: 

a woni gate on the surface of a semiconductor substrate; 

sidewall control gates on sidewalls of sauJ word gate, separated from said word 
gates by an insulating layer; 

nitride regions within an ONO layer underlying said sidewall control gates wherein 
electron memory storage is. performed within said nitride regions; 

a polysillcon word fine overlying and connecting said woni gate with word gates in 
other said memory cells and overlying said sidewall controJ gates, separated from said 
sidewall control gates by an insulating laiyer; and 

bit line diffusions within said semiconductor substrate adjacent to each of said 
sidewalJ control gates. 

67. Tha MONOS memory ceil of Claim 66 wherein each sidewall control gate Is separated 
from a sidewall control gate of another said memory cell by an insulating layer. 

66. The MONOS memory cell of Claim 66 wherein each control gate comprises a 
polysiltcon layer between two of said word gates overlying said bit diffusion region and said 
sidewall control gates wherein said nitride regions underlie only said sidewall control gates. 
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69. The MONOS memory call of Clatm 66 wherein a channel length defined from an edge 
of said word gate to an edge of adjacent said bit diffusion region is between about 30 and 
50 nm and whereby ballistic electron injection occurs. 

70. The MONOS memory cell of Claim 66, wherein one of said nitnde regions is a selected 
nitride region, and the other of said nitride regions Is an unselected nitride region^ and 
wherein said bit Rne diffusion aear said selected nitride region is a bit diffusion, and said bit 
line diffusion near said unselected nitride region is a source drffusion, wherein a read 
operation of said cell is performed by: 

over-riding said unselected nitride region; 

providing a voltage on said word gate having a sum of the word gate threshold 
voltage, an overdrive voltage, and the voltage on said source diffusion; 

providing a voltage on said control gate adjacent to said selected nitride region 
sufficient to allow for reading of the selected nitride region; and 

reading said cell by measuring the voltage level on said bit diffusion. 

71 . The MONOS memory cell of Claim 70 wherein said memory cell is one of many cells in 
a MONOS memory array, and further comprising applying a control gate voltage of 0 volts 
to aO cells beside the cell desired to be read. 

72. The MONOS memory cell of Claim 70 wherein said memory cell is one of many cells In 
a MONOS memory array, and further com prising applying a control gate voltage of -0.7 
volts to all cells beside the cell desired to be read in order to stop leaKage. ' 
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73. The MONOS memory ceU of Claim 66 wherein the voJtage level on said bit drffu&ian 
may represent one of muitiple threshold levels of said ceil. 



74. The MONOS memory oell of Claim 66. wherein one of said nitride regions is a selected 
nitride region, and the other of said nitride regions Is an unsefeeted nitride region, and 
wherein sad bit line diffusion near said selected nitride region is a bit diffusion, and said bit 
Ime diffusion near said unsetected nitride region is a source diffusion, wherein a program 
operation of said cell is performed by: 

providing a high voltage on said unselected control gate to over-ride sard 
unselected nitride region; 

raising the control gate Nroltage of said selected nitride region; 
providing a fbced voltage on said bit diffusion; 

providmg a voltage on said word line which is greater than said word gate threshold 
voltage; and 

lowering the voltage of said source diffusion such that current flows from said 
source diffusion to said bit diffusion wherein ballistic injection of electrons occurs from a 
channel region to said selected nitride region wvhen current flows. 

75. The MONOS memory cell of Claim 74. wvherein multiple thresholds can be programmed 
by varying said voltage on said bit diffusion line. 

76. The MONOS memory cell of Claim 74 wherein said memory cell is one of many cells in 
a MONOS memory array^ and further comprising disabling nitride regions in adjacent cells 
sharing a word line by applying a control gate voltage of 0 votts to said adjacent cells. 
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77. The MONOS memory cell of Claim 66. wherein one of said control gates is a selected 
control gate and Its undertying mtride region is a selected nitride region, and the other of 
said control gates is an unselected control gate and its underlying nitride region is an 
uneelected nitride region, and wherein said bit line diffusion near sard selected nitride 
region is a bit diffusion, and said bit line diffusion near said unselected nitride region is a 
source diffusion, wherein a program operation of said cell is performed by: 

providing a high voltage on said unselected control gate to over-ride said 
unselected nitride region; end 

varying a voltage on said selected control gate. 

78. The MONOS memory cell of Claim 66 wherein said memofy cell is one of many cells in 
a flash memory array that share a word line, and further comprising simultaneously 
programming several of said cells svith different threshold levels by varying the voltage 
either of said control gate or said bit diffusion. 

79. The MONOS memory cell of Claim 66. wherein an erase operation of a block of nitride 
regions is performed by: 

providing a positive voltage to said bit line diffusions; and 

providing a negative voltage to said control gates over said bit line diffusions. 

BO. The MONOS memory cell of Claim 66, wherein an erase operation of a block of nitrfde 
regions is performed by: 

providing a negative voltage to said semiconductor substrate and to said bit line diffusions; 
and providing a positive voltage to said control gates. 
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81. A method of reading a MONOS memory cell, wherein the MONOS memofy cell 
comprises: 

a word gate on the surface of a semiconductor substrate; 

sidewall control gates on sidewalls of said word gate, separated from said word 
gates by an Insulating layer 

nitride regions within an ONO layer underlying said sidewall control gates wherein 
electron memory storage is performed within said nitride regions; 

a polysilicon word line overiying and corviecting said word gate with word gates in 
other said memory ceils and overlying said sidewall control gates, separated from said 
sidewall control gates by an insulating layer; and 

bit line diffusions within said semiconductor substrate adjacent to each of said 
sidewall control gates. 

wherein on© of said nitride regions is a selected nitride region, and the other of said 
nitride regions is an unselected nitride region, and wherein said bit line diffusion near said 
selected nitride region is a b(t diffusion, and said bit line diffusion near said unselected 
nitride region is a source diffusion, 

wher^n a read operation of said cell is performed by: 
over-riding said unselected nitride region; 

providing a voltage on said word gate having a sum of the word gate 
threshold voltage, an overdrive voltage, and the voltage on said source diffusion; 

providing a voltage on said control gate adjacent to said selected nitride 
region sufficient to allow, for reading of the selected nitride region; and 

reading said cell by measuring the voltage level on said bit diffusion. 




82. A method of programming a MONOS memory cell, wherein said MONOS memory cell 
comprises: 
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a word gate on the surface of a semiconductor substrate; 

sidewaJl control gates on sidewalls of said word gate, separated fronr) said word 
gates by an insulating layer; 

nitride regions within an ONO layer underlying said sidewall control gates >vheretn 
electron memory storage is performed within satd nitride regions; 

a polysilicon word line overtying and connecting said word gate with word gates in 
other said memory cells and overlying said sidewall control gates, separated from said 
sidewaii control gates by an insulating layer and 

bit line diffusions within said semiconductor substrate adjacent to each of said 
sidewall control gates; 

wherein one of said control gates is a selected control gate and its underlying 
nKride region Is a selected nitride region, and the other of said control gates Is an 
unsetected control gate and its underlying nitride region is an unselected nitride region, and 
wherein said bit line diffusion r^ar said selected nitride region is a bit diffusion, and said bit 
Vine diffusion r^ear said unselected nitride region is a source diffusion. 

wherein said method of programming the cell comprises the steps of: 

providing a high voltage on said unselected control gate to over-ride said 

unselected nitride region; and 

varying a voltage on said selected control gate. 

83. A method of erasing a MONOS memory cell, wherein said MONOS memory cell 
comprises: 

a wond gate on the surface of a semiconductor substrate; 

sidevhraH control gates on sidewails of said word gate, separated from said word 
gates by an insulating layer; 
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nitride regions within an ONO layer underiying said sidewaU control gates wherein 
electron memory storage is performed vidlhin said nitride regions: 

a potysilicon word line overiying and connecting said word gate wfth word gates in 
other said memory cells and overlying said sldewaH controi gates, separated from said 
sidewali control gates by an Insulating layer; and 

bit line difftrsions within said semiconductor substrate adjacent to each of said 
sidewali cor^trol gates; 

wherein said method of erasing a block of said nitride regions comprises the steps 

of: 

providing a positive voltage [o said bit line diffusions; and 

providing a negative voltage to said control gate over said bit line diffusions. 



B4. A flash memory device compristng: 

word gaties on the surface of a semiconductor substrate: 

sidewali control gates on the sidewalls of said word gates separated from said word 
gates by an insulating layer: 

bit line diffusions within said semiconductor substrate between two of said sidewali 
control gates; and 

nitride charge regions underlying said sidewali control gates. 

85. The device according to Claim 84 further comprising: 

an insulating layer overiying said sidewali control gates; and 

a word line overlying said control gates and connecting said word gates. 

85. The MONOS memory caU of Claim 84 wherein a channel length defined from an edge 
of said word gate to an edge of adjacent said bh diffusion region is between about 30 and 
50 nm and whereby ballistic electron injection occurs. 
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3 . Detailed Explanation of the Invention 



Field of invention 



The invention relates to methods of forming high-density Metal/potysilicon 



Oxide Nithde Oxide Silicon (MONOS) memory an^ays and the resulting high density MONOS 
memory arrays. 

Description of Prior Aft 



conventional floating gate structures, electrons are stored onto a floating gate, by either F-N 
tunnelir^ or source side iruection. Conventional MONOS devices store electrons usually by direct 
tunneling in the Oxlde-Nltride-Oxide (ONO) layer which is below the memory ward gate. Electrons 
are trapped in the Nitride layer of the ONO composite. The MONOS transistor requires one less 
polysilicon layer than the floating gate device, which simplifies the process and could result in a 
denser array. 



composite layer is deposited beneath the word gate. The thickness of the bottom oxide of the 
ONO layer is required be less than 3.6nm, in order to utilize direct tunneling for program 
operations. However in 1996. a MONOS structure with a bottom oxide thiclcness of 5.0nm. and 
side wall polysilicon gates and source side injection program was first reported by Kuo-Tung 
Chang et al. in, "A New SONOS Memory Using Source Side Injecticn for Programming*. IEEE 



Etectrbn Letters. Vol . 1 9. No. 7. July 19Sd. In this structure, as shown in Fig. 1, a side wall spacer 



Floating gate and MONOS are two types ai non-vo)atne memorfes. In 



MONOS structures are conventionally planar devices in which an ONO 
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20 IS formed on one side of the word gate by a typical side wall process, and the ONO composite 
22 is underneath the side wall gate, instead of under the word gate as for conventional MONOS 
memory ceHs. The channel under the SONOS side wall control gate is larger than 100nm. so the 
program mechanism is source side injection, which is faster and requires lower voltages than 
electron tunneling, despite the thicker bottom oxide. During source side Injection, a channel 
potential is formed at the gap between the side wail gate and the select/word gate. Channel 
electrons 30 are accelerated in this gap region ^d become hot enough to inject into the ONO 
layer. Thus Kuo-Tung Chang's SONOS memory is able to achieve better program performance 
than previous direct tunneling MONOS cells. 

White the SONOS memory cell is unique among MONOS memories for its 
split gate structure end source side injection program, its structure and principles of program are 
similar to those for a conventional split gate floating gate device. Both ceU types have a word gate 
and side wall spacer gate in series. The most significant differences He in the manner of side wall 
gates utilization and electron storage regions. In the split gate floating gate cell, the side wall 
spacer Is a floating gale onto which electrons are stored. The floatvig gate voltage is determined 
by capacitance coupling between the wond gate, diffusion. arKl floating gate. For the SONOS cell, 
electrons are stored In the nitride region beneath the side wall spacer, which is called the control 
gate. The nitride region voltage is directly controQed by the voltage of the above side wall gate. 

A floating gate memory cell having faster program and higher density was 
introduced m co-pending U.S. Patent Application Serial Number 09/313,302 to the same inventors, 
filed on May 17. 1999. Fig. 3A is an an^y schemalic and Fig. 3B is a layout cross-section of this 
fast program, dual-bit. and high density memory cell. In this memory structure, high density is 
achieved by pairing two side wail floating gates to one word gate (for example, floating gates 312 
and 313 and word gate 341). and sharing interchangeable source-drain diffusions (321 and 322) 
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between cefls. Thus a single memory cell has two sites of electron storage. Adcfitional polysiTicon 
lines ••control gates" run In parallef to the diffusiore and orthogonal to the word gates. The control 
gales (331 and 332) couple to the floating gates and provide another dimension of contrcrf in order 
to individually select a floating gate from its pair. This memory is further charactertod by f ast 
programming due to baiBstic injection. Using the same device structure, if the side wall gate 
channel ts reduced to less than 40nm with proper impurity profiles, the injectign mecharuBm 
changes from source side Inject' on to a new and much more efficient injection mechanism called 
baliristic injection. The ballistic injection mechanism has been proven by S. Ogura in 'Step Split 
Gate Cell with Ballistic Direction Injection for EEPROM/Flash'. lEDM 199d. pp.SS?. In Rgum 2A. 
results between ballistic injection (fine 25) and conventional source side injection (line 27) are 
compared for a floating gate memory cell. Although the stnjctures are very similar, when the 
control gate is 1 0Onm, the injection mechanism is source side injection. However, as illustrated in 
Fig. 2B, when the channel is reduced to 40nm to satisfy the short channel length requirement for 
ballistic injection (line 35). program speed increases by three orders of magnitude under the same 
bias conditions, or at half of the floating gate voitage requirement for source side injection (line 37). 

In contrast, the side wall channel length of Kuo Tung Chang s SONOS 
memory stnacture is 200nm. so the program nnechanism is source side injection. Thus there is a 
aignSficant dependence between the short channel length and the injection mechanism. 

SUMMARY OF THE INVENTION 

In this invention, a fast low voltage hallislic pmgram. uttra-short channel, 
ultra-high densrty. dual-bit mulll-tevel flash memory Is achieved with a two or three polysilicon split 
gate side wall process. The structure and operation of this invention is enabled by a twin MONOS 
cell structure having an ultra-short control gate channel of less than 40nm. with ballistic injection 



(i4 4) )02--170891 



00 2-1 7JL8 



(S. Ogura) which provides high ^ectron injection efficiency and very fask program at low prograni 
vottagos of 3-5V, The cetl structure Is realized by (i) placing side wail controJ gates over a 
composite of OxIde-Nltrid&Oxide (ONiO) on both sides of the word gate, and (ii) forming the 
controi gates and bit diffusion by self-aUgnment and sharing the control gates and bU diffusions 
between memory ceils for high density. Key elements used in this pnocess are: 

(i) Disposable side wall process to fabricate the ultra short channel and the side wall control 
gate with or without a step structure. 

(ii) Setf-aligned definitton of the control gate over the storage rMtride and the bit line diffusion, 
which also runs in the same direction as the control gate. 

The features of fast program, low voltage, ultra-high density, dual-bit. multNevel MONOS NVRAM 
of the present Invention include: 

1. Eleeb^n memory storage in nitride regions within an ONO layer underlying the control gates. 

2. High density duat-blt cell in which there are two nitride memory storage elements per cell 

3. High density duahbit cell can store multi-levels in each of the nitride regions 

4. Low current program controlled by the word gate and control gate 

5. Fast, JQW voJlage program by ballistic injection utilizing the controllable ultra-short channel 
MONOS 

6. Side wall control poly gates to program and read multi-levels while masking out memory 
storage state effects of the un selected adjacent nitride regions and memory cells. 



The ballistic MOISlOS memory cell Is arranged in the following array: each 
memory ceil contains two nitride regions for one word gate, and 1^ a source diffusion ar\d a bit 
diffusion. Controi gates can be defined separately or shared together over the same diffusion. 
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Diffusions are shared between ceBs and run in paraUel to Ihe side wall control gates, and 
perpendicular to the word line. 



Figure 38. During read, the following conditions need to be met the voltage of the unselected 
contnal gate within a selected memory cell must be greater than the threshold voUase of the 
control + source voltage. The word select gate in the control gate pair is raised to the threshold 
voltage of the word gate + an override delta of around 0.5V + source voltage (Vt-wl + Voverdrive 
+Vs). Un-selected MONOS cells will be disabled by reducing the associaled control gates to OV. 
Program conditions are: Word Fine voltage is greaterthan threshold an ovenJrive voltage delta 
for low current program. Both convol gates in the selected pair are greaterthan Vt-h?gh (the 
highest threshold voltage within the range of multhlevel thresholds) + override delta. Adjacent 
memory cells sharing the same word line voltage are disabled by adjusting Uie control gates only. 



A summary of the operating conditions for muIlMevel storage Is given m 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Presented In this invention e a fabrication method for a ballistic twin 
MONOS memory cell with two nitride memory etemenls and two shared control gales. The 
method can be appTied to a device with a flat channel and/or a devica having a step channel under 
the nitride layer in the MONOS celL 

The procedures forformation of shallow trench isolation, p-well, and rMvell 
are the same as for conventional CMOS processing and will not be shown. The potysilicon v&rord 
gate is also defined by conventional CMOS processing as shown in Fig. 4A. In order to define the 
word gate, the memory gate silicon oxide 221 is formed to a thickness of between about 5 and 10 
nanometers. Then the polysilicon 245 with a thickness of between about 1 50 aruj 250 nm for the 
gate material is deposited by chemical vapor deposition (CVO). A nitride layer 232 is deposited by 
CVD to a thickness of between about 50 and 1 0Onm to be used later as an etch stop layer for 
chemical mechanical polishing <CMP). Normal CMOS processing defines the memory word gates; 
i.e., photoresist and masking processes with exposure, developmefit. and vertical etching of the 
nitride 232 and polysilicon 245 by reactive ion etching (RIE) are perfomned. Extra boron 202 Is loo 
Implanted at low energy (less than about 10KeV energy) with an ion dosage of between 3E12 lo 
3E13 ions per cm'. In order to adjust VT under the floating gate. After removing the photoresist 
which was used to define the word gate^ the wonl gate Is obtained as shown in Fig 4A. 
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A thin siticon oxide layer 234 of between about 5 and 1 0 nm can be 
Ihermalty grown on the side wati polysOican, or StOz and/or SiN film can be deposited by unifbrm 
CVD. as shown in Fig 4B. Then the disposable sidewati process, which defines a controlbbly 
short channel and provides fast programming by high electron injection effictency. is performed. A 
thin potysllicon l^yer typicady having a thickness of iDetween about 30 to SO nm Is deposited. Then 
a vertical or anisotropic polysittcon etch is performed, which forms the (£sposable stdewall spacer 
242 on both sides of the word gate 245. as shown in Fig.4B. tmplantatfon wtXh an N dopant 203 
such as arsenic is performed with an ion dosage of between 3E13 and 4£13/cm^ at 10 to ISKeV. 
Thus, the thickness of the polysillcon layer detemilnes the effective channel length under the 
control gate. 

Refemng now to Fig. 4C. the disposable side wali spacer 242 is gently 
removed by a dry chemical anisotropic etch. A typical etch ambient for this step is HBr/CUOa. The 
bottom sflicon oxide 221 is then gently etched out by btiffered [with for example water of 
ammonium hydroxide) hydrofluoric acid (BHF). Vapor HF. or a reactive ion etch such as CFj/Oa. 
A composfte layer of oxide-rutride-oxide 230 is formed. Layer 230 is shown without the three layers 
for simplicity. The bottom oxide is thermally grown and the thickness is between 3.6 and 5 nm, 
whirfi is slightly thicker than the limit of direct tunneling (3.6nrn). the silicon nitride layer deposited 
by chemical vapor deposition is about 2 to 5 nm, and the top oxide is deposited by CVD deposition 
and is between about 4 and 6 nm. Thermal axidation may be added to improve the top oxide 
quality. Also short nitridation in an NaO environment can be added to impronfe the bottom oxide 
reliability prior to the deposition of the nitride layer. 

hksw, an insitu phosphorus-doped thin polystllcon layer belween about 30 
and 50 nm and tungsten sllicide between 60 and 100 nm is deposited by CVD. The composite 
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layer of polysnicon and tungsten sifrcide become the control sidewall spacer gate. A vertical, 
anisotropic reactive etch is perfornnecf to form the sidewall control gate 240, as shown In Fig. 4C. 
The composite axide-nltrtde-oxide layer is also etched through, leaving this ONO layer 230 only 
underlying the sidewall control gates. 

A thin CVD of silicon oK(cie ornilride 233 wHh a thickness of about 10nnn is 
deposited. Phosphorus and/or Arsenic for junction 204 is implanted sut>sequently. at a dosage 
of between 3E14 to 5E1S Ions per cm^ as shown in Rg.4C. The total thickness is between 30 to 
150 nm. which is equal to the summation of effective controJ gate channel length and lateral out 
diffusion of the n-*- Junction. 

As an optioh. the sidewall spacer gate 240 can be simply an insitu 
phosphorus or As doped potysilicon la/er instead of the composite layer of polysilicon and 
tungsten silictde. After the formation of the n* junction and the deposition of a thin CVD of siHcon 
oxide or nitride 233 with a thickness of atsout lOnm, Die vertical reactive ion etch is performed to 
form sidewall oxide spacer 233 on the gate 240 whan the control gate requires lofw resistivity and 
siliddation, as shoyvn In Rg. 4D. In typical siliddation, about 10 nm Co or Ti is deposited by 
plasma sputtering and a Rapid Thermal Anneal at about 650 *C is performed. The formation of 
silictde layer 241 on the top part of gate 240 and diffusion 204 are shown in Fig 4D. Although 
silicidation 241 is shown in Fig. 4D, it is not required. It Is an option to reduce the RC time 
constant of the control gate fines or diffusion lines m Mder to improve performance in all modes of 
operation, read, program, and erase. 

An oxide and/or nitride layer 235 for contamination barrier Is deposited by 
CVD. Then a layer of CVD silicon oxide or BSG 247 is deposited to fill the gap. The gap fill 
material is polished by CMP up to the nitride layer 232. 
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As an option, the gap fli) material 247 can iae a conducth/a material like 
polysiticon or W, which can be used for reducing the RC time constant of the stdewall gate or bit 
diffusion dependlrjg on the need. When the conductive layer is polished by CMP up to the nitride 
layer 232, the conductive layer ts several hundred nanometers (SOnm) recessed by vertical 
reactive ion etch. Then a CVD SiOj layer (about 50nm) Is deposited and CMP is performed as 
Hlustrated by 236 as shown in Pig 4E. 

The nitride layer 232 In Rg. 4E Is selectivaty etched by HjPO* or etched by 
a chemical dry etch. The polysilicon layer thickness of between 150 and 200 nm is deposited by 
CVD. This polysificon layer 248 and the unde-jying polysiticon virord gate 245 are defined by 
norntal photoresist and Rl£ processes. The structure at this point is as shown In Fig. 4F. 

The poSysllicon layer 248 acts as a word line wire by connecting adjacent 
word line gates. The final mennory cell is completed at this point This word potysllicon layer can 
be silicided with Ti or Co to reduce the sheet resistance. A typical bird's-eye view of the memory 
cell is shown in Fig 4G. The shallow trench isolation region is shown by area 209 in Fig. AG. 

The preceding processes describe fabrication of planar channel floating 
gates with very short channel (SO to 50nm). By modifying and adding a few process steps, a step 
split structure wwth more efficient ballistic injection can be fabricated using the same process 
integration scheme as the planar structure. This second embodiment of the present inventnn will 
be described with reference to Figs. 5B, 5C, and 5F. 




After forming disposable sidevyall spacer 242 by etching vertically the doped 
polysilicon. the silicon oxide layer 221 is verUcally etched which corresponds to Fig 4B. In order to 
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form a step split memory cell, the deviation starts at this point by continuing to ©!ch into the siDcon 
substrate by approximately 20 to SOnm. Then the bottom of the step is iightly (mplarUed with 
Arsenic to fomi N-region 203 using the poly stttewal) x a mask as shown in Fig 5B» where the 
dosage is about 3E13 to 4£13/cm^ at 10 to 15KeV. Next, the N-i- doped po^ysilicon disposable 
spacer is selectively removed by a wet etch (HNOj/HFyAcltlc add, or H3PO4 or NH«OH} or a dry 
plasma etch to the lightly doped bulk N- region. The bulk etching dunr\g this disposable spacer 
etch can be included as part of step etching. After gently etching off the left over gate oxide 221 
under the disposable polysillcon spacer, the silicon surface Is cleaned. The total step into silicon 
shoLdd be about 20 to SO nm. If the step corner is sharp, comer rounding by rapid thermal anneal 
(RTA) at between about 1000 to 11 00** C for about 60 seconds can be added as an option or a 
hydrogen anneal at 900°C and at a pressure of 200 to 300 mtorr can be performed. After these 
modifications and additions, the fabrication sequence returns to the procedures described 
previously. 




Referring to Rg. 5C, a composite layer of oxtde-nitride-oxide is formed. 
Layer 230 is shown without the three layers for simplicity. The bottom oxide is therrha!^ grown 
and the thickness is between 3.6 and 5 nm, which is slightly thicker than the limit of direct 
tunneling (3.6nm), the silicon nitride layer deposited by chertiical vapor deposition (CVD) is about 
2 to 5 nm, and the top oxide is deposited by CVD deposition and is between about 4 and 8nm. 
Thermal oxidation may be added to improve the top oxide quality. Also, short hitrfdation in an N2O 
envtronmem can be added to improve the bottom oxide reiiaUtity prior to the deposition off the 
nitride layer. 

then an insitu phosphorous-doped pblysilicon layer, which becomes the 
control gate, is deposited having a thickness of between 90 to 180 rim, and a vertical or 
anisotropic polysillcon etch is perfornied to fonn the sidewall gate 240. a shown in Fig 5C, By 
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foQowing the process st^>& given for the planar split device, the step-sf^lt device can be fabricated 
as shcTwn In Rg 5F: This sldewatl palysillcon gate can be silicided or replaced by refractory sillctde 
as utilized in the first embodiment of the flat channel MONOS twin ceU. 



In the above process steps for both the planar and step devrces. the 
disposable side wall spacer 242 can be plasma nitride or oxynitride or Boron Phosphorus Silicate 
Glass (BPSG) Instead of polyslllcon. since the etching rate of t^iat material to the thermai silicon 
oxide can be very high (for example at least lO-i 00 timesj in acid or dnuted HF. 



A third embodiment of the piresent Invention will be descrik>ed with reference 
to Figs. 6A-SD and 6F. The third ennbodiment of the present invention wilt be a simplified process 
of the first embodiment of the planar twin MOt^OS memory cell with a slight program speed 
penalty because controllability will be lost due to the usage of a single large spacer instead of two 
side wall spacers. Deviation from the nonT\al CMOS process starts prior to deposition of word 
gate polysiJicon 245. A composite layer of oxlde-nitride-oxide (ONO). 230 in Fig 5A. is formed. 
Layer 230 is again shown without the three layers for simplicity. The bottom silicon oxide layer is 
preferred to be grown thermally with a thickness of between about 3.6nm to 5nm, the siPcon nitride 
layer deposited by CVD deposition is about 2 to 5 nm and the top oxide layer is deposited by CVD 
deposition and about 5 to 8 nm thick. The top oxide CVO layer is slightly thicker compared to the 
first and second process embodimerrts, for subsequent polysilicon and disposable sidewall spacer 
etch stop. Then the polysilicon 245 for gate material is deposited by CVD and followed by CVD 
silicon rtitrlde 232 deposition thickness of between about 50 to 1QD nm. 



Then a photoresist layer formed and a masking process with exposure - 
and development to define memoiy gates 245 are performed. The polysilicon layer is now etched 
vertically by reactive ion etching (RIE), using the under layer top silicon oxide in the composite 
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layer 230 as a etch stop. Then extra boron 202 is ion implanted at Jow energy (less than 10 keV 
power and ion dosage of between about 5E12 to Z E13 ior»s per cm^. also shallow As is implanted 
at the same time at about 5E12 to 1.5 El 3 at the same KeV range as is the boron, as shown in Fig. 
6A. Even though the channel threshold is very low due to As compensation, there is plenty of 
impurity to create a channel potential drop in the short channel region. 



A thin sliieon oxide layer 234 of about 5 nm is themially grown on the side 
of polysiUcon or CVD uniformly deposited. Then a disposable polysillcon layer typically having a 
thickness of between about 90 to 1 50nm is deposited Then the vertical or anisotropic polysilicon 
etch is performed, which forms the disposable sidewall spacer 243 in Fig 6B^ This is a thicker 
spacer than In the first and second embodiments. Then As ions are implanted at dosage of 
l>etween 1E15 to 5E15 cm^ and at the energy range of 20 to 50 KeV through the composite layer 
of oxide*nitride in order to form an junction 204. By adjusting the lateral out diffusion with 
annealing temperature and time (between 850 to 900 °C and 5 to 20 min], the channel length 
defined from the edjge of the word gate to the N-t junction edge is designed to be atiout 30 to SO 
nm (3 to 4 tlnies the electron mean free length) for bailistic high injection efficiency at low voltage. 

Afterwards, the disposable side wall spacer 243 is gently removed by a dry 
chemical, isob-oplc etch. A typiical etch ambient for this step Is HBr/CLs/Oj. The exposed silicon 
oxide over nitride is gently etched out by buffered hydrdfluoric add. A fresh silicon oxide 244 
replacing the top osdde in the composite OMO 230, shown in Fig. 6C. of about 4 to 6 nm is 
deposited by chemical vapor deposi'tion. Thermal oxidation is added after the top layer Is 
deposited to improvie the top oxide quality. 
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As an option, prior to removaf of the disposable sidewail spacer 243. the 
exposed top two layers of oxide-nitride are etched by RIE. Then the fresh oxide of about 4 to 6 nm 
fs deposited by chemical vapor deposition arKi followed by thermal oxidation for the top oxide 
improvement. During this oxidation process of about 650 to 900 % and 10 min in vvet O2 
atmosphere an extra oxide layer of about 20nm is formed on the nitride cut area o^rer the 
junction as shown by 244 in Fig. 6D. This thick oxide reduces the coupling capacitance between 
control gate 240 and bit diffusion 204. 

A layer of potysilicon approximately 300 nm. which is slightly thicker than the 
summation of word potysilicon 245 and the top nttride 232 height, is deposited and CMP is 
performed using the nitride layer as the etch stop layer. Then the filled polysilicon layer 240 is 
recessed about 50nm by a vertical, anisotropic reactive ion etch. Then thm Ti or Co of at»ut 10 
nm Is deposited and sirictdation is performed. The sificide layer 241 is to reduce the contn»l gate 
resistance. A CVD SiO^ deposition and CMP is performed again, as illustrated by 236. The cross 
sectiori of the device at this point Is shown in Fig. 6C and In Fig. 6D. 

Then the nitride layer 232 is selectively etched by H^PO^ or etched by a 
chemical dry etch. The polysilicon layer 248 having a thidcness of between 150 and 200 nrri is 
deposited by CVD. This polysilicon layer and underlying word gate polysilicon 245 are defined by 
normal photoresist and RIE processes. The structure at this point is as shown in Fig 6F. 

The polysilicon layer 248 acts as a word line wire by connecting adjacent 
word One gates. The final memory cell Is completed at this point. This word polysilicon layer can be 
sllicided with Ti or Co to reduce the sheet resistance. A typical bird's-eye view of the memory cell 
is shown in Fig. 4G. The shallow trench isolation region is provided by the area 209. It is 
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understood that these critical dimensions wiU scale vn\h the technology as the critical dimension is 
reduced. 

In the embodiments described above, two approaches have been combined 
to improve memory density in this invention. In the first approach, density » more than doubled by 
sharing as many cell elements as possible. A single word select gate is shared between two 
nitride charge storage regions, and source lines/bit lines as well as control gate lines are shared 
between adjacent cells. In the second approach, mum-level thresholds are stored In the nitride 
regions under the control gates, and specific voltage and control conditions have been developed 
in order to make muni-level sensing and program possible for the high density array, with good 
margins between each of the threshold levels. 

OPERATING METHOD FOR MULTILEVEl. STORAGE 

The procedures described below can he applied to multi-level storage of two 
bits or greater, as well as single*bit/two level storage applications in which Vt-hl and Vt-low are the 
highest and lowest threshold voltages, respectively, to be stored in the nitriito region under the 
control gate. The dual bit nature of the memory cell comes frorn the association of tuvo nitride 
regions paired to a single word gate and the interchangeability of source and drain regions 
between ceBs. This cell structure can be obtained by a side wall deposition process, and 
fabrication and operation concepts can be applied to both a step split baliistic transistor and/or a 
planar split gate ballistic tnansistor. The step split and the planar ballistic transistors have low 
programming voltages, fast program times, and Ihin oxides. 

A cross-section of the array for a planar split gate tsaOi&tic transistor 
application is shown in Figure 7B. All word gates 340. 341 , and 342 are fomied In first level 
polysilicon and connected together to form a word h'ne 350. ONO is formed underneath the 
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sidewalls that are deposited in pairs tin either side of the word gates 340, 341. and 342. The 
nitride within the OMO layer which is under each sidewall is the actual region for electron memory 
storage. These nitride regions are 310. 31 1. 312. 313, 314.315 in Figs. 7B an<J 7C. In order to 
simpfrf/ peripheral decode circuitry, two side wall control gates sharing the sanne diffusion will be 
connected together to form a single control gate 330, 331, 332, 333, according to process 
embodiment 3 ar>d emttodimems 1 and 2 in which the gap-filling material 247 is a conductcr. In the 
cases of process embodiments 1 and 2 in which two side wall gates sharing a diffusion are 
isolated from each other (where the gap-fiHIr^ material is an insulator), it is feasible to electrically 
connect these two gates together with a wire outside of the memory array. Although It is also 
possible to operate the memory an'ay with individi/al sidewall gates as control gates, peripheral 
logic will became more cumbersome, which does not meet the interests of high der^itymemory. 

Nitride regions 31 1 and 312 share control gate 331, and nitride regions 313 
and 314 share cdntrbl gate 332:. A memory cell 301 can be described as having a source diffusion 
321 and bit diffusion 322. with three gates in series between the source diffusion and the bit 
diffusion, a control gate 331 with underiying nitride region 312, a word gate 341, and another 
control gate 332 with underlying nitride region 31 3. The word gate 341 Is a simple logical ON/OFF 
switch, and the control gates allow individual expression of a selecled nitride region's voltage state 
during read. Two nitride charge regions which share the same word gate wlB be hereinafter 
referred to as a "nitride charge region paiV*. Within a single memory cell 301. one nitride charge 
region 313 Is selected within a nitride charge region pair for read access or program operations. 
The "selected nitride charge region' 313 will refer to the selected nitride region of a selected nitride 
pair. The '*unselected nitride charge region*"312 will refer to the unsetected nitride charge region of 
a selected nitride charge region pair. 'Near adjacent nitride charge regions" 311 and 314 wilt refiar 
to the nitride charge regions of the nitride charge pairs in the adjacent uriselected merhory cells 
which are closest to the selected memory cell 301. "Far unselected adjacent nitride charge 
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regions* 310 and 315 will refer to the nitride charge regions opposite the near un^ected adjacent 
nitride charge regions within the same unselected acflacent memory celJ nitride charge region 
pairs. The "sourra" diffusion 321 of a selected memory cell wifl be the farther of the two memory 
ceil diffu^onsfrom the setscted nitride charge regjon and the junction closest to the selected 
nitride charge region wilt be referred to as the "bit** diffusion 322. 

In this Invention, control gate voltages are manipulated to Isolate the 
behavior of an Irufniidual nitride charge region from a pair of nitride charge regions. There are 
thrBe control gate voltage states: "over-ride", "express*, and "suppress". A description of the 
control 9ate voltage states follows, in which the word Hne voltage is assumed to be 2.0V, the 'bit' 
diffusion voltage is OV, and the "Source" diffusion voltage is assumed to be 1.2V. It should be 
understood that the voltages given are examples for only one of many passible applicartions. 
depending on the features of the process technology, and are not to be limiting in any way. In the 
over-ride state, the V(CG) is raised to a high voltage (--5V) forcing the channel under the control 
gate to conduct regardless of the change stored in the nitride regions. In the express state, the 
control gate voltage is raised to about Vt-hl (2.0V). and the chanrtel uncter the control gate vwil 
conduct, depending on the programmed state of the nitride regions. In suppress-mode. the control 
gate is set to OV to suppress conduction of the undeflying channels. 

Table 1 gives the voltages during read of seleaed nitride region 313. 




Voltages for Read of Selected FG=313 
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Table 1 
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*tf threshold voHage is slightly negative, it is poss&le to suppress the nitride threshold region wAh 
a siightfy negative control gate voltage {about -0.7V) 



line 321 can be set to son^e intermediate vottage (-1.2V) and the bit line 322 may be precharged 
to OV. In addition, the following conditions must te met in order to read a selected nitride charge 
region: 1) the word select gate voltage must be raised from OV to a voltage {2.5V) which is son\e 
delta greater than the sum of the threshold voltage of the word select gate <Vt-wN0.5V) and the 
source voltage (1.2V}, and 2) the voltage of the control gate above the selected nitride charge 
region must be near Vt-hi ("express'). The voltage of the control gate above the unselected nitride 
charge regions must be greater than the source voltage plus Vt-hi (''over-ride''^ The control gates 
above the unselected adjacent nitride charge regions must be zero ('suppress"). The voltage of 
the bit diffusion 322 can be monitored by a sense amplifferarKi compared to a switch-abte 
reference voltage, or several sense amplifiers each with a different referencifr vpltage. to determine 
the binary value that corresponds to nitride ctiarge region 313's threshold voltage, in a serial or 
parallel read manner, respectively. Thus. I>y over-riding the unselected niliride region within the 
selected memory cell, and then suppressing thie adjacent cell unselected nitride regions, the 
threshold state of an individual selected nitride region can t>e determined^ 

For ballistic channel hot electron injection, electrons are energized by a high 
source-drain potential, to inject through the oxide and onto the nitride. The magnitude of the 
programmed threshold voltage can be controlled by the source-drain potential and the program 
duration. Table 2 describes the voltages to program multiple threshold voltages to a selected 
nitride region 31 3. These voltages are for example oniy, to facilitate description of the program 
method, and are not limiting in anyway. In Table 2A. the control gates 331, 332 associated with 



During read operation of nitride region 313, shown in Rg. 3C. the source 
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lha selected memory ceU 301 are raised to a high voltage (5V) tb over-rfde the nitride charge 
regions 312 and 31 3. 

Bit Piffugion Method Program of Sdectgd WiCride Charge Region 313 
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Table 2A 

Program of ttie desired threshold level is determined by the m diffusion 322. 
The bit diffusion 322 is fixed to SV, 4.5V, or 4.0V in order to program ttveshold voltages of 2.0V, 
1.6V and 1.2V» respectively. When tt)© word line 350 is raised above the word gale's 341 
threshold, high energy electrons wrill be released into the channel, and injection begins. To Inhibit 
program in the adjacent memory cells, the far adjacent control gates are set to OV. so there will be . 
no electrons in the channels of the adjacent memory cells. Thus, multMevet threshold program can 
be achieved by bit diffusion votlage control far tNs high den«ty memory array. It is also possible to 
program multiple thresholds by varying the ward line voltage, for example 4.SV, 5V and S.5V. to 
program 1.2V, 1.6V and 2-OV, respectively. 



Another possible method of program is to vary the control gale voltage in 
order to obtain different threshold levels, if muRHevels are to be obtained by contnal gate voltage, 
the unselected control gate 331 within the selected memory ceU 301 wfit be set high to 5V in order 
to over-ride nitride region 312. The control gate 332 over the selected nitride region 313 will be 
varied to 4.SV. SV and 5.5V. to obtain threshold voltages of 1.2V. 1 .6V and 2.0V. respectively. 
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A fouah program method variation to the voltage conditions described for 
muHi-levGl program is given in Table 2B, in v^tch the selected control gate voltage matches the bit 
voltage for Vd=5V. 4.5V, and 4.0V and Vcg=5V. 4.5V, and 4.0V. respectively. 
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Table 2B 



Because th^ program current is low. and by programming schemes 
described above, H is possible to program several cells on the same word line in a parallel 
operation. Furthermore, depending on the peripheral decoding circuitry, fnuttipke thrashotds may 
also be programmed simultaneously, tf the program methods of bit dsCfusion or control gate control 
are used. It should be noted however, that selected memory cells can have no fewer than two 
memory cells between each other, in order to obtain properly Isolated behavior. Also. In order to 
obtain the tight Vt margins which are necessary for multMavel operation, the threshold voltage 
should be perioctically checked during program, by a program verity cycle which ts similar to a read 
operation. Program verify for the ballistic short channel sidewall MONOS In this invention is 
simpler than conventional floating gate and MONOS memories because pnognam voltages are so 
low and very similsur to read voltage conditions. 

Removal of electrons from the nitride region during erase can be done by 
hot hole injection from the nitride region to the diffusion, or by F-N tunneling from the nitride region 
to the control gate. In the hot hole Injection method, the substrate is grounded, diffusions are set to 
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5V and negative 5V is applied to the control gate. For F-N lunnefing. a negative 3,5V is applied to 
both the sut)strate and diffusions and positive 5V is appWeti to the control gates. A block of nitride 
regions must be erased at once. A single nitride region cannot be erased. 



will be described, based on simulations for a Q.25u process. Figure 8A Illustrates the memory cell 
and voltage conditions for a read of nitride charge region 313. The threshold voltages for the four 
levels of storage are O.BV. 1.2V 1 .6V and 2.0 for the "1 1", '10-. and -01 " and '■OD" states, 
respectively. This is shown in Figure 6B. The threshold voltage for the word select gate is 0.5V. 
Durirrg read, the source voltage is fixed to 1.2V. The control gate above the unselecsed nitride 
charge region is set to 5V, which overrides all possible ^reshotd states, and the control gate 
above the selected nitride charge region Is set to 2.0V. which is the highest threshold voltage of all 
the possible threshold states. All other control gates are set to zero, and the bit junetbn is 
precharged to z»n>. The word line is then raised from OV 1c 1 .OV. and the bit Junction is monitored. 



voltage sensing curves 71, 73. 75, and 77 during read of nitride charge region 313 are shown for 
different thresholds 0.8V, 1.2V. 1.6V, and 2.aV, respectively. It can be seen from the voltage 
curves, that the volta^ge difference between each of the states is approximately 300mV. which is 
well within sensing margins. Simulation has also conflrrned that the sate of the unseleded cell has 



PREFERRED EMBODIfiftENT FOR READ 



Read operation for a two bit muHMevef storage In each of the nitride regions 



Sensing the bit junction yields the curves shown in Figure SC. Bit line 



very ntlle impact on the bit )unction voltage curve in Figure BC. 



The present invention provides a method for forming a double side wall 
control gate having an ONO nitride charge storage region underneath with an ultra short channel. 
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The enhancement mode channel is around 35nin. and is defined b/ the side wall spacer. The 
isolation between the word gates Is formed by a seif-afigned SiOj filOng technique. The polysilicon 
control gate is fomied by a setf-aligned technique using chemical mechanical polishing. The 
process of the invention include two embodiments: a planar short channel structure with ballistic 
(njection and a step split short channel structure with ballistic injection. A third embodiment 
provides isolation of adiacertt word gates after control gate definition. 

While the invention has been particularly shown and described with 
reference to the preferred embodiments thereof, it wiU be understood by those skilled in the art that 
various changes in form and details may be made without departing from the spirit and scope of 
the Invention. 

According to the present invention, a fast low voltage ballistic program, ultra-short channel. 

ultra-high density, duat-bit multMevel flash memoiy is achieved with a two or three polysilicon split 
gate »de wad process. 

4. Brief Explanation of tJae Drawings 

Figure 1 is a device structure of prior art SONOS (Silicon Oxide Nitride 

Oxtde Slllcor>). 




Figure 2A graphically represents empirical results for a split gate floating 
gate transistor, demonstrating that for a channel ler^th of lOOnm. soun:;e side injection requires 
high voltage oparation. 
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Frgure 2B graphicaUy represents empirical results for a split gate floating 
gate transistor showing that for a channel length of 40nm, ballistic injection operates at much lower 
voltages and/or much faster prcagram speed. 

Figure 3A rs an array schematic of the prior art double side Mrall dual-bit split 
floating gate cell with ultra short ballistic channel. 

Figure 3B is a layout cross^section of the prior art double side wail dual-bit 
split floating gate celt wHh ultra short ballistic channd. 

Figs. 4 A through 4F are cross sectional representations of a first pneferred 
embodiment of the process of the present invenlloh. 



Figs. SB, 5C, and 5F are cross sectional representations of a second 
preferred embodiment of the process of the present invention. 

Rgs. 6 A through 6F are cross sectional representations of a third preferred 
embodiment of the process of the present invention. 



Fig. 4G is a bird eye's view of the completed memory cell of the present 



invention. 



Figure 7A Is an array schematic of the present invention. 



Rgure 7B is a cross-sectional representation of the present invention. 



Figure 7C gives the required voltage conditions during read for the present 



invention. 



Figures 8A, BB, and SC are graphical representations of voltage sensing 
cun^es for the present invention during read. 
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